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PREFACE
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the author(s) and should not be construed as an official MSFC/NASA position,
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BACKGROUND

NASA has recognized that continually advancing computational capability in al its many
facets is an absolute necessity to carry out its present and future roles and missions. As
a premier research and development agency of the U.S. Government NASA-MSFC is
forecasting its needs in the larger context of national policies. It is recognized that
MSFC's current and upcoming needs deal in large measure (but not exclusively) with
the control and utilization of those elements of the nation's space effort that deal with
large propulsion systems, launch vehicles and orbital or payload structures (including
the Space Station and it appendages). Although policy at the National level is still
evolving, it is safe to assume that constrained resources are all that are foreseeable in
the near future. Therefore, careful planning to allot available computational resources is
mandatory. This effort addresses itself to questions pertaining to this allotment.
Material gathered during the course of this investigation is presented as are specific

recommendations of actions that MSFC should consider taking.
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APPROACH

To form the basis of recommendations as to how MSFC should allot (and justify) its
computational resources, a number of different activities were performed. These
included in house (at UAH) computing projects; a trip to AMES Research Center to
attend a workstation workshqp; various demonstrations held at the UAH Visualization
and Simulaﬁon laboratory; discussion with principals in the field and literature searches.

The details of many of these activities are contained in the appendices.

Specifically, these activities include the following. Discussions with and a presentation
by the SDI sponsor and Georgia Institute of Technology (GIT) developer of the Special
Pu/rpdse Operational Compuiing Kernel (SPOCK). This device is a unique parallel

functional processor being developed specifically for SDI types of intercepter missions.

Detail of SPOCK are contained in Appendix A. A discussion was held with Dr. Mike

Sayers at the University of Michigan Transportation Institute. Dr. Sayers has developed
AUTOSIM, a code generator for systems of rigid bodies AUTOSIM, is written in
common LISP and runs on a MAC computer. It does not have provision for flexible
mode incorporation, is copyrighted by the University of Michigan and costs 9000 dollars.
Information about it is contained in Appendix B. A fascinating workshop on workstations
technology was attended which was put on at AMES mainly by USRA. This workshop
covered numerous applications of computers, but in the main to subjects far afield from
MSFC's needs and indeed was very futuristic in many of its aims, goals, and concepts.
A full accounting of the workshop is enclosed as Appendix C. At MSFC's §uggestion,
arrangements were made to borrow a limited time demonstration copy of SD/FAST
SD/EXACT. Before receiving this program, the author spent a week at ADI gaining
familiarity with the ADSIM language. This is a program which generates the equations

of motion (in FORTRAN) of multiple connected rigid bodies. In addition, SD/FAST has
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the necessary software "hooks" to let it be run on the Applied Dynamics AD-100 which
is a parallel processor digital machine optimized to the computational tasks found in
simulating continuous systems and capable of 20-MFLOPS. UAH has one of these
machines and MSFC has at least four, two of which are fiber optic linked and dedicated
to real time SSME simuiation. This code was exercised on the VAX front end of the AD-
100 to generate equations of motion which were then executed along with control logic
programmed in the ADSIM language (Version VII) on the AD-100. Dr. Lj USRA/ED-12
also ran a problem of his own. His resuilts were transmitted to MSFC on a 51/4 floppy
disk for his use there. This was a very interesting exercise and is covered at some
length in Appendix D. Once again at MSFC's suggestion, two demonstrations of
CADSI's DADS (Dynamic Analysis and Design System) software were held at the UAH
Visualization and Simulation (V&S) Laboratory. This software system includes
capabilities for static, kinematic, dynamic analysis, inverse dynamics, inclusion of
vibratory model information, advanced graphics and a library of feedback, control and
hydraulic components. Both demonstrations were attended by MSFC personnel, as well
as by some personnel employed by local industry e.g., TBE. Information on DADS is
covered in Appendix E. MSFC's TREETOPS program has just been transferred into the
V&S lab, but time ran out on exercising it in the AD-100 environment. In addition, of

course, considerable general literature was read covering the field.
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RECOMMENDATIONS

Based upon the information emassed during the activities outlined above, the following

near term recommendations for MSFC activity emerged.

One; even though it did not appear that the AMES/USRA, computer activities are very
7applicable to MSFC programs at this time, they should be monitored on a continuing
basis. It seemed clear that JPL, AMES, Stanford and others have a "good thing going"
and have their own ideas, largely science oriented, as to how things should go. They

also clearly have the ear of NASA Headquarters.

Two; find the means to join the Center for Simulation and Design Optimization of

Mechanical systems (see Appendix F for some detailed information). GSFC and LARC
are members along with many other Government and Industrial organizations. This
organization is advancing all the aspects of Mechanical Simulation that appear quite

applicable to MSFC programs and projects.

Three; start an activity at MSFC using several optically linked AD-100 computers
currently available at MSFC modeling an LSS of some complexity. This to be done in
real time with provision for using the AD-100's Real-Time/Input Output devices
connected to a control computer. This would develop some hands on experience with
real-time parallel computing (with HWIL too). Not only would this have minimum initial
cost impact, but also if a verified model of say the LSS beams hanging in building 4619
were programmed many more control strategies per unit time could be explored.
Because of its possession of an AD-100 the UAH V&S Lab could be a substantial

contributor to this activity.
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Four; if TREETOPS is to be maintained as a contemporary tool then it should have
continued effort on its graphics e.g., add color, perhaps expand the number of
computing engines especially workstations on which it can readily be installed and
continue algorithmic work to enhance its speed of execution. A somewhat more
ambitious avenue would be to re-code TREETOPS for running on massively parallel
machines and provide the necessary I/O so that real-time simulation with HWIL can be

readily accomplished.

Five; initiate an effort to become integrated into the massively parallel computer world.
A current example of this type of effort is the 15 million dollar contract that Intel has
been awarded to build a machine with 32 billion floating point operations per second
(theoretical) using 528 of Intel's i 860 microprocessors. It is supposed to be completed
by next spring for the Concurrent Supercomputing Consortium. This is a group of 14
U.S. research organizations (mostly Federal) led by the California Institute of
Technology. At the present time, the so called Delta System is to be applied to military
and "grand challenges” (e.g. global warming, chemical reactions). Why not try to make

LSS control one of the "grand challenges"?

Six; hold meetings of national interest on the subject of computing and its applications to
matters of interest here in Huntsville. UAH's Beville Center is equipped to handle all the

arrangements if it is so desired.

Seven; attend several well chosen symposia and national meetings each year on this

subject. Present paper(s) if possible.

Eight; establish and maintain meaningful relationships with the computer related pants of

regional Universities so that bilateral enrichment of each institution occurs at an
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intellectual level and also to assure a supply of properly trained personnel into the

workforce.

These recommendations are presented in WBS form in Appendix G.
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CONCLUSIONS

A large computing thrust is a nationa] priority. Large scale computing is pervasive in
that it effects directly all aspects of national activity. In the physical world, typified by
Science and Engineering, its applications are quite clear. Not only does it hold promise
for reducing experimentation on costly hardware, but also it holds considerable promise

for accomplishing tasks heretofore unattainable.

Any technical organization must guard against being left behind as Computer related

technology progresses. One of the most fascinating, but very hard to deal with facts is

the current state of the art.

MSFC has interests in such things as robatics, LSS, propuision systems and large
structures, all of whom can profit from state of the art computing capability. Indeed, if
such capability is not in place at MSFC, jts technological viability and indeed its
credibility will be in question. In this report, eight recommendation ranging from modest
and immediate to far reaching and for the future are presented. These
réecommendations are offered to stimulate thought and serve as a catalyst to bring about

a planned computing oriented thrust at MSFC.






Appendix A

Special Purpose Operational Computing Kernel (SPOCK)




Special thanks are due to Mr. Buster E. Kelley of the U.S. Army Strategic Defense
Command. Through his good offices the Georgia Institute of Technology developers
(Dr. Alford) came to MSFC and made a presentation on SPOCK.

A new innovative concept, the SPOCK, is being developed by GIT. The SPOCK
concept, which utilizes an array of function processors connected by a solid state
crossbar matrix, provides three major benefits over conventional processing concepts.
These are: 1) One-to-oneness with the block diagram of the system implemented, 2)
emulation of flight hardware, and 3) real-time pedormance evaluation of flight hardware
prior to flight hardware fabrication.

Arrangements were made with GIT to travel to Atlanta and exercise the machine on a
problem of interest to MSFC, however this never occurred.



Appendix B

AUTOSIM Code Generator
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Through Mr. J. Munson of ADI, we were made aware of the AUTOSIM code. This code
was developed by Dr. Mike Sayers of the University of Michigan. It deais only with
connected rigid bodies (no vibrational modes). In a conversation with Dr. Sayers, it
became apparent that the users for whom it was developed were the automotive
designers. | was surprised therefore that vibration was not a consideration. For what it
will do , 9000 dollars seems pricey (especially when TREETOPS is in the public domain)
but it will run on a MAC. Note on page 7 of the enclosure a chart comparing various
code efficiencies.
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ADI

APPLIED DYNAMICS
INTERNATIONAL

AUTOSIM™

Code Generator for Systems
of Rigid Bodies

J. _<_=:mo:

Applied Dynamics International

WRITT:
Ruraineg ou N2 C
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AD|

AUTOSIM was developed by Dr. Mike Sayers at
the University of Michigan Transportation Research
Institute.

It is now available for purchase from the University
of Michigan.
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from materials produced by Mike Sayers.
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ADI

AUTOSIM Technical Summary

AUTOSIM is a computer language that automatically
generates computationally efficient simulation pro-
grams for mechanical systems composed of multiple
rigid bodies. It formulates the equations of motion
symbolically, and then writes a Fortran or ADSIM
program to solve them. |

APPLIED DYNAMICS
INTERNATIONAL
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ADI

How Does AUTOSIM Formulate the
Equations of Motion?

The analyses performed automatically by AUTOSIM
define a “multibody formalism” that:

 Builds on Kane’s method

Accommodates any force or moment that can be
expressed by the analyst using either equations or
external routines

« Accommodates any joint with constant geometric _
properties

Accommodates tree topologies and closed kinematical
loops

Accommodates nonholonomic constraints

B-6
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How Does AUTOSIM Formulate the
Equations of Motion?

The analyses performed automatically by AUTOSIM
define a “multibody formalism” that:

* Writes custom numerica] algorithms when closed-form
solutions are unfeasible, e.g.,

- Initial values are computed for closed kinematical loops
- Dynamic constraint violation is eliminated with

customized numerical correction

* Includes modeling heuristics (masses may be lumped

together, etc.) .

* Chooses recursive or non-recursive formulations
depending on topology

* Produces explicit (uncoupled) equations for the
derivatives of the state variables

~
[}
m

>c— APPLIED DYNAMICS
INTERNATIONAL
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AD

How Does AUTOSIM Optimize Code?

Traditional algebraic and trigonometric simplifications are
made (terms that are zero are not included, terms that
cancel are dropped, sin®x+cos?x—1, etc).

- Formal treatment is used to drop negligibly small terms in
equations.

Constant expressions are factored out and pre-
computed. The efficiency is the same as if numerical
values were specified for all constants.

Intermediate variables are introduced for all repeated
expressions to avoid redundant computations.

The equations of motion are symbolically uncoupled.
Terms that do not appear in the equations of motion
are removed.
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ADI

Efficiency Comparisons
Total of Multiply/Divide Operations

Formulation #1 #2 #3
MACSYMA (Hussain and Noble) 5406

Walker and Orin 1627
MACSYMA (Kane and Nielan) 858

Kane and Levinson 732
SD/EXACT 718
SD/FAST 1094 576 4
Wampler 448

SYMBA (Nielan) 760 384
AUTOSIM 792 455 353
AUTOSIM with some “small” variables 552

#1 Spacecraft #1: 5 bodies (main body, moveable camera and
flexible boom), 10 d.o.f.

#2 Spacecraft #2: 5 bodies (main body, 4 antennae), 10 d.o.f.

#3 Stanford Arm robot: 6 bodies, 6 d.o.f.

APPLIED DYNAMICS

INTERNATIONAL
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ADI

Conclusion

ADI feels that a simulation code generator such as
AUTOSIM may be a valuable tool.

If you are interested, please contact Jon Munson at
ADI (313) 973-1300.
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Tl: thruster torque #}: Expression m F(S); Direction = (bl]). Acts on
the bus from the inertial reference N

T2: thruster torque #2; Expression = F(6); Direction = [b2). Acts on
the bus from the inertial reference

T3: thruster torque #3; Expression = FiT7): Direction = {b3]. Acts on
the bus from the inertial reference

ND COMMENT

ECTOR C(10}, r(7), P(12), 3(10), 2(243), Q(10), u(i0)

Define default values for Parameters

ATA BB = 10.0 1! Neus, coefficient {n term in neqative boom-torque z
BCLOCK = 20.0 1| Nemmg, coefficient in term in torque from clock motor
GYRO = 2.0 12, coefficient in term in Arqument to THRUST in coefficient in thruster torque ¢}
IB11 = 115.0 . kg=m2, moment of inertia of B
1812 = ~14.0 ,; kg-m2, product °f inertia of g
1813 = 14.0 I kg-m2, Product of inertia of p
IB22 = 316.0 ! kgq-m2, moment of inerty, of B
1823 = ~34.6 ] kg~m2, Product of inertia of 8
1833 = 440.0 kg-m2, moment of inertia of p
1c = 0.38% ! kg-m2, moment of inertia of ¢
ID11 = 4.85 +! kg-m2, moment of inertia of p
D12 = 0,41 ! kg-m2, product of inertia of p
ID1) = -0.07 ,: kg-m2, product of inertia of p
ID22 = 2,2 +1 kg-m2, moment of inertia of p
ID23 = <0.54 kg-m2, produce of inertia of p
ID33 = 5.5 1 kg-m2, moment of inertia of p
Ir1 - 27.2 + 1 kg-m2, moment of inertia of p
Ir2 = 0.2 1 kg-m2, moment of inertia of p
KB = 2000.0 ,! N-m/rad, Coefficient in term in negative boom-torque 2
KCLock = 31500.0 ,! N-m/rad, coefticient {n term in torque from clock motor
L1 = 1.8 1 m, negative coordinate of sttachment point for the camera ip dir 3
L2 = 0.75 1 m, negative coordinate of masg center of the clock in dir 3
L3 = 0.1 +1 m, coordinate of attachment Point for the camera in dir 2
LS = 0,22 i m, negative coordinate of mass center of the camera in dir 2
L6 = 0.2 1 ™, negative coordinate of mags center of the camera in dir 3
L? = 1,2 ;! W, negative coordinate of attachment point for E in dir 2
L8 = 3.3 +1 m, negative coordinate of masg center of the boom in dir 2
LTT1 = 0.23 /1 m, coefficient in thruster torque #1
LTT2 = 0,21 I m, coefficient in thruster torque #2
LTT) = 0.31 +1 m, coefficient in thruster torque #3
MB = 410.0 i kg, mass of p
MC = 6.8 ! kg, mass of [«
MD = 57.5% +1 kg, mass of p
MF = 10.7 | kg, mass of p
1specs STEPTIME = 0.02 +! s8c, simulation time step
ENDTIME = 30.0 ! sec, simulation stop time

Define initial values for variables

A Qe(1) = 0.0 +1 m, Translation of B0 relative to 0, [n1].
Q82 = 0.0 «! m, Translation of 80 relative to 0, {n2).
Qe(3) = 0.0 ! m, Translation of BO relative to 0, [n3}.
Qe(4) =0.0 ! rad, Rot. of mpp relative to N aboue axis #1,

B-11
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‘TLE "small-variable spacecraft”
‘MMENT

is code was generated by AUTOSIMA 1.0 B9® on June i, 1990,
) The Regents of The University of Michigan, 1989, 1990. All rights reserved.

¢ small-variable spacecraft is represented mathematically by 20
rdinary differential equations that describe its kinematical and
ynamical bshavior. It is composed of 5 bodies and has 10 degrees of
“reedom.

'01E8
; O
s (B); parent=N;: 6 coords: Q(1l) Q(2) Q(3) Q(4) Q(5) Q(6)
‘ock (C); parent=B;: 1 coord: Q(7)
mera {D);: parentsC: 1 coord: Q(8)
parentwB; 1 DOP: Q(9)
om (P); parent=E; 1 coord: Q(10)

LTIBODY COORDINATES

211}t Translation of B0 relative to O, [nl}. (m)
Q(2)1 Translation of B0 relative to O, [(n2}]. (m)
Q{3): Translation of BO relative to O, [(n3}. (m)
Q{d4): Rot. of Bpp relative to N about axis #1. {(rad)
Q(3): Rot. of Bp relative to Bpp about axis #2. (rad)
Q(6): Rot. of B relative to Bp about axis #3., (rad)
Q(7): Rot. of C relative to 8 about axis #3. (rad)
Q(8): Rot. of D relative to C about axis #1. (rad)
Q(9): Rot. of E relative to B about axis #3. (rad)
2010): Ret. of F relative to £ about axis #1. (rad)

U{1): Abs. trans. speed of BCM, axis 1. (m/s)

U(2): Abs. trans. speed of BCM, axis 2. (m/s)

U{l): Abs. trans. speed of BCM, axis 3. (m/s)

U(4): Abs. rot. speed of B about axis #1. (rad/s)
U(S): Abs. rot. speed of B about axis #2. (radss)
U(6): Aba. rot. speed of B about axis #3. (rad/s)
U(7): Rot. speed of C relative to B, axis 3. (rad/s)
U(8): Rot. speed of D relative to C, axis 1. (rad/s)
Ui9): Rot. spesed of E relative to B, axis 3. (rad/s)
J(10): Rot. speed of I relative to E, axis 1. (rad/s)

IMENTS

41: boom-torque Z:; Expression = -F(1); Direction = (b3). Acts on the
boom from the bus

T2: boom~torque X; Expression = ~F(2); Direction = [el). Acts on the
boom from the bus

LOCKT: torque from clock motor; Expression = P(3); Direction = [b3].
Acts on the clock from the bus

AMT: torque from camera motor; Expression = F(4); Direction = [cl].
Acts on the camers from the clock
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Each derivative evailuation requires 544 multiply/divides, 472

add/subtracts, and 8§ function/subroutine calls.-
Calculate trig functions of state variables
5{7) = SIN(Q{7))

S(8) = SINIQ(a))

C{7) = COS{Q(T))

C{8) = COS(Q(8))

Kinematical equations

2(1) = P(l)*U(8)

Z(2) = P(1)*U(4)

2(3) = ~(U(2) -2(2))

Q/{1) = (QUS)I*U(3) + U(Ll) + Z2(1) + Q(6)*2(1))
Z(4) = (U{1) + Z(1))

Q' (2) m —(Q(4)*U(3) -U(2) + Z2(2) ~Q(6)*2(4))
QU (3) = =(=U(3) + QU4)*2(3) + Q(5)*2(4))
Q'(4) = —(Q(6)*U(%) =U(4d))
Q' {5) = (Q(6)*U(4) + U(S))
Q/(6) = (U(6) —Q(5)*Q*(4}))
Q7Y = U
Q'(8) = uU(8)
Q'{9) = U9}
Q'110) = U(10)

External subroutines and extra variables
CLKOMD, CAMCMD = CHD(SYST!H_TIH!D
define expression for boom~torque £
Fll) = (KB*Q(9) + BB*U(9})

define expression for boom~torque x

F(2) = (KB*Q(10) + BB*U(10))

ietine expression for torque from clock motor
f{3) = (KCLOCK*{CLKCMD -Q(7)} -BCLOCK*U( 7))
lefine expression for torque from camera motor
*(4) = (KCLOCK* (CAMOMD —Q(8)) -BCLOCK*U(8S))
isfine axpression for thruster torque #1

(5} = LTTI'THRUST(SYSTBM_TIMB, 1, {Q(4) + GYRO*U(4)})
efine expression for thruster torque #2

(6) = LTTz'THRUST(SYSTEH_?!ME. 2, (Q(5) + GYRO*U(S)))
ofine expression for thruster torque 3

{7} = LTT3*THRUST(SYSTEM TIME, 3, (Q(6) + GYRO*U(6)))

ynamical equations

B-13
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05} = 0.0 .. rad, Rot. of Bp relative to Bep about axis 2.
QR(6) = 0.0 .+ rad, Rot. of B relative to Bp about axis #3.
Qe(7) = 0.8584073464102069 ,! rad, Rot. of C relative to B about axis 93.
Q@(8) = =0.5% »! rad, Rot. of D relative to C about axis ¢1.
Qa9 = 0.0 .| rad, Rot. of E relative to B about axis #3.
Qe(10) = 0.0 .1 rad, Rot. of F relative to E about axis #1.
(1) = 0.0 .1 m/s, Abs. trans. speed of BCM, axis 1.

ue((2) = 0.0 »¢ m/8, Abs. trans. speed of BCM, axis 2.

ue(d) = 0.0 ;i m/8, Abs., trans. speed of BCM, axis 3.

ue(e) = 0.0 .| rad/s, Abs. rot. speed of B about axis #¢1.
uers) = 0.0 (! rad/s, Abs. rot. speed of B about axis #2.
uR(6) = 0.0 ! rad/s, Abs. rot. speed of B about axis #3.
uaeT) = 0.0 ! rad/s, Rot. speed of C relative to B, axis 3.
va(e) = 0.0 .! rad/s, Rot. speed of D relative to C, axis 1.
ue9) = 0.0 , ' rad/s, Rot. speed of E relative to B, axis 3.
ue(l10) = 0.0 ! rad/s, Rot. speed of F relative to E, axis 1.

‘GION initial

PRECOMPUTED CONSTANTS

P{1)
PL2)
P(3)
P(4)
P(S)
P(6)
P(7)
P(8)
P(9)

L2*MC/(MB + MC)

(L7 + L8)
{ID11 -1D33})
{I1D22 -1D33)

LS*MD
Lé*MD

(L7 + L8)*MP

L8 *MF
= (MB 4 MC 4+ MD + MF)
P(10) = (IC + MB*(L2*MC)**2/(MB + MC)**2 + MC*(L2*(1 -MC/(MB +

MC)))}**2 + IF1 + IBl11)

P(l11) » (IC + MB*(L2*MC)**2/(MB + MC)**2 + MC*"(L2°(} -MC/({MB +
MC)))**2 + IF2 + 1B22)
P(12) = (MP*(LT + L8)**2 + IFl + IB33)
P{13) » ((LS*LS + L6*LE)*MD + ID11)
P(14) = (LB*(LT + L8)*MF + IFl)
P(15) = (MP*LB*LE + IFl)
P(16) =» 1.0/P(15)
P(17) = P(B)*P(16)
P(16) = P(8)*P(17)
P{19) = (P(9) -P(18))
P(20) = 1.0/P(19)
P(21) = P{8)*P(20)
P(22) » P(14)*P(16)
P(23) = P(8)*P(22)
fE24) = PLILYOPILT)
P(251 = P(14)*P(22)
P(26) = P(1)*P(8)
P(27) = LB*P(8)
P(28) = L7*P(8)
P(29) = (IFl + P(27))
P(30) = L7*MF
P(31) = P(20)*P(23)
P(32) = (P(12) -P(25})
‘D REGION

NAMIC continuous
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2(62)

2163)
Z(64)
Z(6%)
2{66)
2(67)
2(68)

2(69)
2(70)

Z(71)

2(72)
2(73)
Z(74)
2(78)
2(76)
2(77)
z(78)
z(79)
Z(80)
2(81)
Z2(82)
2{83)
Z(84)
z(85)
Z{86)
z2(87)
zZ(80)
2(89)
Z{90)
Z(91)
Z{92)
2(93)
Z(94)
Z{9%)
2(96)
2{97)
Z(98)

==LLM(-2(5)%2(6) + 2(40) + ZOAL1) + L5*(209)%2(14) -2(43))
+ LES(Z(8)°Z114) + Zt44)))

(LUf4) + Qr9)*u(s) + 2.0*U10) ez (1) —Q{10)*2145})
ID13%z(8)

ID12+%2(9)

ID23*Z(8)

ID12%2(14)

(ID13*2(39) + ID33%2(43) + ID23*2(44) ~2(9)*(-1D22%2(14) +
2{64) + 2(65)) + Z(14)%(-1D11°2(9) + 2(66) + Z2(67})))
(IDI3*Z(9) + ID13*Z(14})

(ID12%2(39) + ID23%2(43) + ID22+2{44) + Z(B)*(PI3)*Z(14) +
ZU64) + 2(65)) ~Z(14)*2(69))

(ID11%2(39) + ID13*Z143) + ID12°Z144) ~2(B)*(P(4)°2(9) +
Z(66) + 2(67)) + 2(9)%2(69))

MD*2(25)

MD*2(23)

MD*Z(21)

ID13¢2(10)

ID12+2(11)

ID1l*Ct?)

MD*Z(28}

MD*Z(27)

MD*2(26)

(=ID23*%Z(12) + ID22%2(13) + ID12*8(7))

(~ID33I*2(12) + ID23*Z(13) + IDl3*3(7))

ID13*2(12)

ID12#2(13)

ID11*sS(7)

(=2(83) + Z(84) + 2(8%))

MD*2(29)

(ID33*C(8) + ID21*s(8))

(ID23*C(8) + ID22*S(8})

(ID13*C(8) + ID12*S(8))

MP*2(32)

MPeZ(31)

MF*Z(30)

MP*2(34)

MP*2(33)

Iri*Q(10)

IF14Q(9)

P{301*Q(9)

Z2(99) = 1P2%qQ(10)
2(100) = -MD*{2(10)*2(60) =Z(11)*2(61}) + Z(62)*C(7))

Z(101)
2(102)
Z(103)
z(104)
Z(105)
Z(106)
2(107)
. 2(108)

Z(109)
Z(110)

2(111)

= MD*(-Z(12)*2(60) + Z{13)*2(61) + Z2{62)%s(7))

= MD*(2(60)*C(8) + Z2(61)*S(8))

= (F(5) + IC*(U(S)*2(5) -2(36)) =2(10)*2(68) + z(11)%2(70)
=~Z(62)*2(72) -2(61)%2(73) + Z160)*2(74) -2(711)%¢c(7))

= ={Z(11)%2(73) + Z(10)*2(74) ~Q(9)%2Z(91) + z(93)
=2(72)*C(7))

= (=Z2(13)*2(73) -Z(12)*2(74) + Z(91) —Q(10)*2(92)
=2(72)*s(7))

= (QU10)*Z(91) + z(92) + Z(74)*cC(8) =2(73)*s(8))

= (=Z(11)*2(79) -2(10)%2({80) + 2(94) -z(78)*c(7))

= ~(Z{13)%2(79) + 2(12)°2(80) -2(93) + Q(9)*z2(94)
=2(78)*s(7})

= (2(95) + Z(80)*C(8) -2(79)*5(8}))

= (IB12 -IF2*Q(9) -2(25)*2(78) + 2(23)*2(79) + 2(21)*z2(80)
=~2(11)*Z(81) + 2(10)*2(82) + Z132)°2(93) ~2(301*2(94) +
2(31)*2(95) + 2(97) + 2(86)*C(7))

= Z(62)%Z(87)




[

ME1]

2(6)

ztn

z(8)

z2(9)

2610}
Z(11)
Z(12)
Z(13)
2(14)
2{19)
Z{16)
217
2(18)
2(19)
Z(20)
2(21)
2(22)
z2(2))
z124)
2(25)
2126}
227N
2(28)
2(29)
z2(30)
2(31)
2(32)
2(33)
2(34)
2(35)
Z(36)
2(37)
z(38)
z2(39)
2{40)
z(41)
2(42)
zZ{4))
2(44)
Z(45)
2(46)
Z2(47)
Z(48)
2(49)
z2(50)
Z(%1)
2(%2)
z(983)
2{54)
z(5%5)
2(5%6)
Z(57)
2(58)
2(59)
Z(60)

z2(61)

(UL6) + U7

(U4)*C(T) + U(5)*8(T))
(U{S)*C(T7) -U(4)*8(T))
(2(8)*C(8} -2(T7)*8(8))
(Z{7)*C(8) + 2(5)*5(8))
S{7)*s(8)

Ci{8)*S(7)

Ci7)*s1(8)

C(7)C(8)

(U(8) + 2(6))

(U(6) + U(9})

(Q(9)4U(4) -uU(5))
(Q(10)%2(15) -Z(16))
P{L)I*S(T)

P(1)*C(T)

(LS ~L3*C(8) + L1*S(8))
(2(20)°C(7) -z(19)*s8(8))
Li*s(8)

(CITI*(LE + 2(22) + LLI*C{8)) -Z(19)*C(8))
L1*S(7)

(LS*Z2(10) + L6*2(11) -2(18) + Z2(24))
(Z(20)*S(7) -2(18)*s(8)})
((~20118) + 2(24))*C(8) + (L6 + Z(22}))*S(T})
(L5*2(12) + L6*2(13) ~Z(19) + L1*C(7))
{L3 =-L5*C(8) + L6°3(8))
P{1)*Q(9)

(P(2) ~-P{1)*Q(10))

(P(1) + L7%Q(10))
L3*Q(9)

(P(1) -L8%Q(10))
urdrrue

Ui ru(?)

z2136)+CtT)

Z(38)1*s(N)

(2(37) -2(38))

2(33) ()

2(36)*s(T)

(2(40) + z(41))
-{(U(8)%Z(9) ~-2(42)*8(8))
(U(8)*2(8) -2(42)*C(8)}))
ui4)*u(9)

~(U(S)*U(9) —Q(9)*2(45))
u(e)*uiq)

U{4)*u(s)

u(s)*u(e)

uidrruid)

(Z(50) + U(6)*U(6))
~(U{6)*U(2) -U(5)*U(3))
~(U{4)*U(d) -u(6)*U(l))
Z(5)%2(7)

(2(37) -2(38) + 2{54))
2(8)*2(9)

z{14)*2(14)

~L1%(=2(37) + Z(38) + Z(54})
LI*Z(5)*2(5)

—(LS*(Z{39) + Z(56)) -L6*(2Z{57) + 2{9)*%Z(9)) ~LI*Z(55)*C(8)}

+ (2(58) -2(59))°*s(8))

(LE*(2(39) -2(56)) + L5*(2(ST) + Z(B8)*2(8B)) + (Z(58)

-2(%9))*C(8) + LI*Z(55)*S(8))
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2i167)
21168)
2(169)
Z(170)
Z(171)
2(172)
2{173)
20174}
Z(17%)
2(176)

20177}
Z(178)
2(179)
2(180)
z(181)
2(182)
2(183)
20184y
2(18%)
Z2(186)
2(187)
2{188)
2(189)
2(190)
Z(191)
z(192)
2(193)
2(194)
2(19%)
2(196})
2(197)

2(198)

2(199)

z2(200)

z(201)
2(202)
Z(203)
z(204)

(2(117) + Z(115)%2(161)1,2(166)

(Z(90) -Z(115)°2(162)),/2(166)

(Z(135) + Z(113)*2(163)1,/2(166)

(2(133) « Z(113)°2(164)),/2(166)

(Z(134) + Z1115)°2(165%)),/2(166)

PI17)%2(147)

P(17)*2(143)

(20117} + z2(160)%2(173)}

(P{9) -2(167)%2(174))

(20138} -2(154)*2(172) ~2(162)1%2(173) +
2(168)°2(174))/2(175)

(2(118) + P(22)+2(143) ~2(163)°2(173)
-2(169)*2(174))/2(175)

(20105} + 2{147)*z(151) =2{155)*2(172) -2(164)°*2(173)
-2(170)*2(174))/2(175)

(ZT(108) + Z(143)°21159) + 2{1561*2(172) -Z2(1651*2{173)
“Z{171)%2(174))/2(175)

(2190) -2(137)*2(160))

(2(138) -Z(139)+2(153) =2(137)*z2(161) + 2(167)1*z2(180))
(P{13) -2(139)*2(154) —Z(137)*2(162) -2(168)%7(180)
~2(176)%2(181))

(2190) + Z(137)42(163) -Z(169)*7(180) »
Z(177)*2(181)),/2(182)

(Z(140) + Z(139)°Z(155) + Z{137)%2(164) -2(170)%2(180) +
Z(178)*%2(181)),/2(182)

(Z(141) -2(139)°2(1%6) + 2{137)42(165) ~Z(171}*2(180) +
2(179)*2(101))/2(182)

(=P(24) + Z(116))

(2(135) + Z(160)*2(186))

(Z(118) + P(14)%2(157) ~2(161)°2(186) -2(167)%2(187))
(2(90) + 2(162)*2(186) -2(168)*2(187) + Z(176)*2(188))
(P{32) + Z2(129) + 2(130) + Z(131) -z(163)+2(186)
~2(169)°2(187) -2(177)*2(188) -2(183)*z(189))

(Z(123) + P{14)*2(158) ~Z{164)*2(186) -2{170)*z(187)
=Z(178)*z(188) ~Z(184)%2(189)),2(190)

(2(128) -P(14)*2(159) =2(165)+2(186) ~Z{171)42(187)
~Z2(179)%2(148) -2(185)*2(189)),/2(190)

(Z2(106) -P{17)*Z(148))

120104) + P(17)%2(144))

(2(133) + Z(160)*2(194))

(Z(105) + Z(148)%2(150) -Z(153)°2(193) -2(161)%2(194)
-Z{167)*2(195))

(2(140) + Z(154)%2(193) + 2(162)%2(194) -2(168)°2(195) +
2{176)*2(196))

(2(123) + P(22)%2(144) ~2(163)*2(194) -Z(169)%2(195)
=Z(177)%2(196) -z(183)%2(197))

(P{10) + Z(25)%2(72) + Z(23)%2(73) + 2{21)*2(74) +
Z(32)%2(91) + Z(31)*2(92) —Z(148)*2(151) -Z1155)%2(193)
~Z(164)*2(194) -2(170142(195%) ~2(178)*2(196) -2(184)*Z(197)
=Z(191)*Z(198) + (Z(75) -2(76) + Z(77))%¢(7) + z(10)

‘{ID3I3I*2(10) -1D23%2(11) + ID13*C(7)) -Z(11)*(1D23+%2(10)

~ID22°2(11) + ID12%C(7)})

(2(110) -Z(148)42(152) + Z(144)*2(159) + Z(156)*2(193)
-2(165)%2(194) -2(171)*2(195) ~Z(179)*2(196) -7(185)*2(197)
=2(192)*%2(198)),/2(199)

(=2(109) + P(17)%2(149))

(Z{107) -P(17)%Z(145))

(2(134) + 2(160)%2(202))

(Z(108) + 2(145)*2(157) + Z(153)*2(201) -Z(161)*2(202)
-Z2{167)%2(203))
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20112) = z2(68)°C(8)

2(113) = 2(70)*S(8)

S(114) = (F(7) + 2{111) -2(112) -2(113))

Zl11S) = Z(8714€(7y

2(116) = (P(7) -2(11%))

Z(117) = 2(87)*8(7)

20118) = (~P(T71%Q(9) + Z(98) + 21117y

26119) = 2(25)%2(87)

20120) = 2(10)%2(88)

2(121) = 2{11)%2(89}

2(122) = 2(90)°C{7)

20123) = (IB13 -P(7)*Z(30) + Z(32)*2(98) ~Z(119) + 2(120) -2(121) +
z(122))

2(124) = Z2128)*2(87)

2(12%) = 2(12)%Z(88)

2(126) = 2(11)*Z(89)

21127) = Z(90)*s(7)

2(128) = (IB23 + P(7)*Z(34) -2(96) + 2(99) + 2(124) -Z(125) + 2(126)
+ 2{127))

Z(129) = 2(29)42(87)

2(130) = z(88)¢C(8)

ZU131) = 2(09)*8(8)

2(132) = (P(3) &+ 2(11)) ~2(112) -2(113))

2(133) = (=Z(119) + 2{120) -Z(121) + Z(122))

2(134) = 1Z2(124) -2(12%) + 2{126) + Z(127))

20135) = (Z(129) + 2(130) + Z(131))

2(136) = (F(4) + P(S)*2(60) -PI6)*2(61) -Z(71))

2(137) = (P{5)*Z(10} + P(6)*2Z(11})

Z(138) = (P(5)*Z(12) + P(6)*2(13)}

2(139) = —(P(5)*C(8) -P(6)*S(8})

20140} = (PIS)*2(21) + P(6)*2(23) + Z(7S) -2(76) + 2(717))

ZU141) = (P(5)*Z(26) + P(6)*Z(27) -2(83) + Z(84) + Z(8S))

Z(142) = —(~F(1) -P(26)%2(4T) + P(28)%2(48) ~P(8)*(Z{52) +
Q(9)1*2(83)) + P(29)%2(63))

Z(143) = P(8)*Q(9)

Z(144) = (P(8)*2(30) + Q(9)°2(99})

ZU14S) = (P(B)*2(34) -Z2(96) + 2(99))

Z(146) = (FL2) + PIB)*(U(S)*UIL) ~U(4)%U(2)) + P(27)*((Z(15) +
QU10)*2(16))42(17) ~2(46)) ~IP1*Z(46) + (P(28) +
P(26)*Q(10))*2(49) + P(26)*(2(50) « U(S)*ui{s)))

Z(147) = P(8)*Q(10)

Z(148) = (IFl + P(8)*2(31))

Z(149) = (P(8)°2(33) + 2(97))

Z(150) = P(16)*2(147)

Z(151) = P(16)*2(148)

2(152) = P(16)%2(149)

Z(153) = P(21)*2(150)

Z(154) = P(20)%2(139)

Z(155) = (P{20)%2(106) —-P(21}*Z(151))

2(156) = (-P{20)°2({109) + P(21}%2(152))

2(157) = P(16}°2(143)

Z(158) = P(16)*2{144)

Z(159) = P(16)*2(145)

2(160) = P(20)%2(118%)

Z(161) = P(211%2(157)

2(162) = P(20)*2(137)

Z(163) = (-P{31) + P(20)%2(116))

Z(164) = (P(20)%2(104) + P(21)*2(158))

2(165) = {P(20)%2(107) -P(21)*2(159))

Z(166) = {Z(135) -Z(115)*2(160))
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UTIs) = z(236)

Ur(d) = z2(237)

UTI6) = 2(238)

Us(8) = z(239)

UTI2) = z(240)

Urt7) = 2(241)

UTIL) = z1242)

UT(3) = ~(PU22)12(238) ~P(16)(-2(142) -2(145)+2(236) +
2{144)520237) ~2(143)°20240)) + p(17)02(242))

Ur(3) = 20243 .

UTUION = —(PU16)0(2(146) + 2(149)920236) + z(148)02(237) +
2(147)°2(240)) ~P(17)*2(243))

D DYNAMIC

<ECUTE ‘'CONTINUOUS'

‘*%* Code above this line generated entirely by AUTOSIM #os#
NCTION cmd (clkemd, camemd = t)

IPt .lt. 1 THEN
clkemd = 4 ~ | pr.
camcmd = -0.5§
ELSEIF t .1t. 11 THEN
clkemd = 4 <~ 0,028 ¢ (t - 1) - .pr.
camcmd = -0.5 + 0,01 * (¢ - 1)
ELSE
clkcmd = 3,78 - pr,
camcmd = -0.4
ENDIP

‘ND FUNCTION

UNCTION thrust (thr = t, axis, terror)
ECTOR fire(3), toff(l)

ATA dband = 0.002%
ATA tmin = 0.02
MTA fire = (0,0,0), toff = (0,0,0)

IF terror .lt. -dband THEN
fire{axis) = |
toff(axis) = t + tmin
ELSEIF terror .gt. dband THEW
fire(axis) = -]
toff(axin) = t + tmin
ELSEIF t .ge. toff(axis) THEN
fire(axis) = 0o
ENDIF

thr = f{rel{axis)

3 FUNCTION
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11205}

2(206)

z1207)

z2(208)
2(209)
2(210)
2(211)
2(212)
2t21)
2{214)
2(21%)
z(216)
z2(217)
2(218)
2(219)
2(220)
z2{221)
2(222)
2(221)
2(224)
2122%)
2(226)
2(227)
2(228)
2(229)
2(230)
2(231)
T(232)
2(233)
Z(234)
2(23%)
2(2316)

24237

[ARALE]

212319)

2(240)

Z2(241)

2(242)

2(243)

(20141) =2(154)°2(201) + Z(162)%Z(202) -Z(168)%2(203) +
201761*21204))

(Z(128) ~P{22)*Z(145) -2(163)°2{202) -2(169)*2(203)
=~Z2(1771%21204) -2(183)+%2(205))

(Z(110) ~Z(149)°2Z(151) + 2(145)*Z(158) + 2{155)*2(20%)
-2(164)*2(202) -21170)°2(203} ~2(178)%2(204) ~2{184)42(205)
=2(191)*2(206))

P(17)*2{146)

(Z(102) + 2(208))

PU17)°2(142)

(2(100) + 2(210))

2(160)*2(211)

(2(132) + 21212))

2(153)°2(209)

Z(161)%21211)

2(167)°2(213}

(~20101) + 2(214) + 2(215) + 2(216))

Z2(154)°2(209)

z{l62)*2(211)

2(168)°2(213)

2(176)*2(217)

(2(136) + 2(218) + Z(219) =-2(220) -2(221}}

P{22)*2(142)

2(163)*2(211)

Zi169)%2(213)

Zi177)2(21 )

2(183)*2(222)

(Z(114) + 2(223) -Z(224) -2(225) + 2(226) -2(227))
Z(146})*2(151)

Z(1551°2(209)

Z(164)%2(211)

2(170)°2(213)

2(178)*2(217)

2(184)°2(222)

2(191)*21228)

(FL6) —IC*IUI4)*Z(S) ~Z(35)) + Z(12)4Z(68) -Z(13)*2(70) +
Z2(62)%2(78) ~2(61)%2(79) + 2(60)%2(80) + Z{142)*2(159) +
Z{1561%2(209) -21165)%2(211) ~2(171)°2(213) + Z({179)%2(217)
-2{185)%21222) -2(192)%2(228) -Z(200)*(2(103) + 2(229)
=20230) -Z{231) -21232) + 2(233) -2(234) -2(21%5))
=ZITLIAS(T) 1 /IPILL) + Z(28)%2(78) + 2(27)*2(79) +
2(26)%2(80) + Z(13)°2(81) -Z(12)*2(82) + 2(34)*2(94)
-Z2{145)*2(159} -2(156)*2(201) -2(165)*2(202) -2(171)*2(203}
-Z{179)%2(204) -Z(185)*2(205) -2(192)*2(206) -2{200)*2(207)
+ 2(86)*sS(T))

(Z2(103) + 2(229) -2(230) -2(231) -2(232) + 2(233) -2(234)
-2{235) -Z(207)*2(236))/2(199)

(71141 4 2(223) -20224) -2(22%) + 2(226) -2(227)
~2(206)*2(236) ~2(198)%%2(237)),/2(190)

(2(136) + 2(218) + 2(219) -2(220) -2(221) -2(205)*2(236)
~Z(197}%2(237) -2(189)%2(238)),/2(182)

(~20101) + 21214} + 2(215) + Z(216) + 2(204)*2(216) +
2(196)%20237) + 2(188"2(233) -Z2{181)*%2(239))/2(175)
(2(132) + 2(212) -21203)%2(236) ~2(1951%2(237)
~Z(187)%2(238) -Z(180)*2(239) + Z(174)°2(240))/2(166)
~P(20)*(-2(100) -2(210) + 2(202)*Z2(236) + Z(194)*2(237) +
Z(186)*2(238) -21137)*2(239) -~2(173)*2(240)
-2(115)*2(241))

~P120)*(2{102) + 2{208) + Z(201)%2(236) -2(193)%2(237) +
Z{139)*2(239) + 2(172)*2(240))
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Appendix C

AMES/USRA Workstation Workshop



The "Workshop on NASA Workstation Technology" held in Palo Alto, California, during
the week of March 12, 1990 was attended. This work is sponsored by NASA Code R
(Lee Holcomb). It is centered in the Research Institute for Advanced Computational
Science (RIACS). This is a NASA funded organization formed by USRA "to provide
leadership in developing computers” and is headguartered at NASA AMES Research
Center. The Workshop was emceed by Dr. Bob Brown, RIACS' technical director,
acting under the overall direction of RIACS' assistant director, Dr. Berry Leiner (Dr.
Brown's boss). The meetings were actually held at the Hyatt Rickeys. The meeting
room was certainly adequate, the noon meals, served buffet styles in an adjoining dining
room were outstanding as were the break snacks and the "heavy hors d' oeuvres”
served on the second evening during the vendor show.

The Workshop, while exceedingly interesting from the viewpoint of being exposed to
new vistas of thought, was in no wise along the lines we had discussed before my
going. And at no time did anyone define a Workstation. | will offer my own definition for
discussion later. Even at a distance of two weeks it is still not entirely clear what
electicism was used to choose the variegated program. | will include a brief summary of
my impressions of most of the talks but perhaps a synopsis of the keynote address will
provide a general "sense of the meeting.”

The keynote address was given by Dr. William Bricken, Chief Scientist, Human Interface
Technology Center, University of Washington. In his talk Dr. Bricken presented a
"Vision of Virtual Reality." In his address he suggested the use of the computer (and an
appropriate human sensory environment) as a replacement for reality. One would, in
this scheme, seem to be "wearing a computer.” In this scenario anything imaginable
would be sensorally possible, e.g., the known laws of physis would be irrelevant. It
would be possible as an example to sense being on Mars with a population of penguins
moving mountains with the flick of a (sensed) finger. A pale subset of this direction of
sensing is seen in the very realistic scene generation, flying maneuvers etc currently
available in USAF training commands. Of course, he pointed out that carrying this work
forward will require new paradigms of computing and boundary mathematics. Some of
the audiences' comments and discussions at the break regarding this address included
a few catch phrases, e.g., post STARSHIP, sanity, realism, "electronic crack.” My own
reaction is that with time much of this could be possible and we will then pass through
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another door into yet another Brave New World. Stopping short of the ultimate there
seems to be considerable use for this sort of thing in education, training, entertainment,
and repair work.

Mr. Lee Holcomb gave the charge to the gkoup. A group of us also talked to him during
one of the breaks. The subject during the break was the upcoming national High
Performance Computing Initiative. Mr. Holcomb had attended a meeting not long ago
chaired by the President's science advisor (Dr. Bromley) and attended by OMB, NSF,
NASA, and DOD representatives. The information was that the advisor had been
roughly handled in Congress because of the lack of an Administration's High
Performance Computing Initiative plan and the subsequent lack of any budget for it.
This will be rectified in the next ('92) budget and this was agreed to by the OMB
representative present. In his charge to the Workshop Mr. Holcomb listed three
applications of advanced computing. The first was its use in operations. This included,
as examples, both space and aeronautical operations to include real time control
(telescience), anomaly identification and correction and scheduling and planning of
operations.

His second application was that of science analysis. There are almost unimaginably
large volumes of data currently available. These data are being added to daily and as
projects such as the Space Station come on line an even more rapid stream of data will
occur to fill the data banks. The challenges then include finding ways to aliow
appropriate people access to these huge data banks, how to couple various disciplines
(e.g. plankson biology and oceanography) to produce coupled phenomenalogical
models and just in general how to facilitate the collaborations of multidisciplinary
scientists on a global scale. His third and last charge (and as far as | could see the only
explicit mention of the totality suggested) was to address how to build complex
aerospace systems. He mentioned that computational fluid dynamics, structural design
etc are being pursued but that the overalil challenge is to pull together or model the
interaction of fluid flow, aerodynamics, guidance and control, structures, stealth and so
forth so as to produce an integrated, optimal design - or, in the case of something like
NASP, perhaps any viable design at all. He concluded expressing hope that the
Workshop will encourage an exchange of general information, technology, applications,
capabilities vendors and software. He also asked rhetorically what standards should
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NASA support? For instance networking and the UNIX versus X-WINDOX
versus...discussion. He also expressed concern over high maintenance cost e.g. 25%
of DEC's income is from maintenance work.

There is supposed to be a mailing of hard copy of the presentation materials. A video
camera was run during the presentations but as we left we were told that the quality of
the video was very poor and only the audio was useable. In all events the media
presentation materials were generally either in viewgraph or VCR form. Therefore, |
shall set forth below some of my impressioné of the various Speakers' messages.

Mr. Jay Costenbader of GSFC, mission operations, picked out three workstations
usages at GSFC. These were in mission operations, data capture and guidance and
control. My impression is that although there are many automation aids via the
computers involved there is much human intervention and decision making. He
indicated that this is because of the very conservative approach taken by the various
system (e.g. Hubble ST) managers. They have looked at the ADA language and found
it too restrictive, they (as are a number of others) are moving on to C++.

Mr. Jim Jeletic of GSFC, Flight Dynamics Division, reinforced a number of Mr.
Castenbader's points and added a few. To wit, they have to support long term ongoing
programs with current (i.e. may be very old) inflight protocalls (may go on for years).
This makes for a mix of operational systems to support. He sees more ethernet
“bridges” and more distributed computing in the future. He pointed out that there is an
ADA champion at GSFC thus ADA is used whenever possible. He sees concerns
including resource consumption (memory, performance), system compatibility, system
complexity (which workstations to use, what operating system) and distributed systems
making for harder troubleshooting.

Mr. Mike Wiskerchen of Stanford University had a most interesting story to tell. Under
Code R support he undertook to study the application of MIS to NASA operational
needs. The vehicle for this study was the process of making sure the Orbiter tiles were
ready for flight. Apparently he had worked for NASA at one time. Anyway, he went to
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KSC and found that for the tiles gnly 360,000 sets of initials or signatures are required to
release an Orbiter for flight. He found an almost absolute lack of MIS use in the system
and as he progressed through the system (he actually performed himself all the jobs in
the chain, it took a number of months) he developed some interesting statistics. These
included his 85-12-3 rule. This rule is that 85% of the people favor the status quo, 12%
actively oppose change, and the 3% support change in the modus operandi. He found
that 90% of the people at KSC do not use computers. Thus, technology is 10% of the
problems and people 90% of the problem. Only the direct involvement of top
management (who do not know about computers now) and the establishment of
rewards for technology change (such rewards do not now exist) will cause a change.
On the technical side there is a problem. The technology of MIS changes ona 6 to 9
month lifecycle. Programs evolve over 10-15 years . Can you design to replace
technology every year or so?

Mr. Randy Davis of the University of Colorado which apparently has a mission
operations center for some scientific missions gave a presentation on OASIS. OASIS is
their software package (Operations and Science Instrument Support Teleoperations
support software). Overall they propose moving control of payloads to the Pl's own
home premises (versus current gather-everyone-at-a-NASA-center). Their software is
written in ADA and used on DEC/VAX, Sun lil's, (S IV upcoming). The general theme
was to work on a coherent architecture for payload control.

Mr. Contenbader of GSFC returned and talked about TAE + (Transportable Application
Environment Plus). This environment separates the users interface from applications
programmers. It now has spread, after a slow start, to 500 users and in available from
COSMIC. Some technical requirements were given.

Mr. Andrew Potter of MSFC (I cannot find him in the October 1989 MSFC phone book)
gave a talk about the goals to be obtained in designing a workstation for the Space
Station. It emphasized instruments on a screen (‘a la the “glass cockpit") and talked
about search strategies. His presentations was not on MSFC viewgraphs.
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Mr. Tim Castellano of AMES RC talked about the workstation aspects of the SHOOT
project. This project is supposed to fly in the fall of 1992 on STS61. It is a superfluid
helium transfer flight demonstration. It includes doing some control and observations of
the experiment on MAC Ils and a laptop from the POCC at GSFC. It is an expert based
system and has 100 to 125 rules so far.

Ms. Patricia Liggett of JPL aggressively headed a trio of presenters detailing the
VANESSA project. It was a system rather hurriedly put together from existing
equipment for the Voyager Neptune Encounter Science Support Activity. In a nutshell it
allowed the delivery of both engineering and encounter science data in near real time.
Of course the Voyager data stream bit rate is quite low so equipment and software
speed was not a problem. The problem was to fan out the data from the data stream
(not the data base, once in there retrieval is arcane and slow) to a multiplicity of user
data formats. JPL furnished some of the on site (at JPL) workstations other PI'S
brought their own. This was a one time effort but showed what type of data display etc
will be required in the future.

Mr. Graius Martin of JPL's Al group (including Cal Tech's Doyle) described the SHARP
system development status. SHARP stands for Spacecraft Health Automated
Reasoning Prototype. The objective of this development is to shrink the "army on the
ground” which is currently seen to be proliferating with the ever increasing number of
spacecraft borne experiments.

The goals include an 80% staff reduction, increased safety because of more data being
under surveillance, more reliability because of system wide monitoring and vastly
increased productivity because one operator can be spread across a number of flight
systems through the use of Al. They have put together a Symbolics based workstation
and later port to a Sun Workstation to support the Magellan mission spacecraft. Various
aspects are being checked out with the archived Voyager data.

Mr. Tom Engler of MSFC (can not find him in the phone book either) gave an overview
of what MSFC hopes to do in automating the HOSC. HOSC is currently actually four
centers. One each supports Shuttle, HST, Spacelab (POCC) and Space Station. The
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goal is to multiplex people, use emerging technologies, use Al and possibly neural
networks etc. Very preliminary design or conceptual goal type of paper. Questions to
him were mainly had he looked at the other existing control centers. The answer was
yes, at GSFC, JPL, and JSC.

Mr. Jerry Blackburn of JSC covered their work toward updating the shuttle through the
development of MPAC (Multipurpose Applications Console). This would represent an
update to 386 technology, use ADA and a 1553B bus. They are also developing Space
Station DMS and have MacDac and IBM "on the team.”

Mr. Eric Hibbard of AMES RC reported on the letting of 4 seven year contracts to DEC,
Silicon Graphics, Sun, and Convex concerning workstations and midrange computers.
They are to develop graphics standards in software and hardware. They are looking
toward animated stereographics, distributed graphics (i.e. created from various non co-
located sites) and various rendering tools. They now are using X-windows system
(release 4) and advocate CGl extensions.

Mr. Val Watson of AMES RC had a number of recommendations for improvements in
Scientific Workstations. See his handout, a copy is enclosed.

Mr. Keith Lane "nationally well known for multimedia" who jUst left Olivetti Computer
(80% force reduction) talked on a portable work environment (which is not just a
portable computer). The gist is that your portable computer is a window to your
resources (which may be anywhere). He suggested audio at the 768 Kbyte to 2 M Byte
level, video at 90-240 or 10-60 (compressed) and data up to video rates. It seemed to
me that all this was very much in the hand wavy hobby shop stage.

Mr. Barry Leiner, Assistant Director of RIACS, described the National Collaboratory
(Collaborative + Laboratory). Basically this idea grew from a conference held at
Rockefeller University in 1989. A report of that conference is available. It is basically
another attempt to deal with world wide knowledge/data explosion. lIts tools would
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include a digital library (Knowbots, knowledge robots, to include digitizing the world's
knowledge), interoperable data, information fusion, smart/remote instruments, joint
authority tools and symbolic assistants (the theorist's workbench e.g. mathematical
objects versus numbers). NSF has a new initiative in this direction; 3 AOs are for this
sort of thing.

Mr. Joe Hale of MSFC (EC23) talked about the development surrounding the use of the
Private Eye. This is a static data display instrument which is worn over (or slightly
under) one eye and produces a virtual image focused from 10 inches to infinity. It may
or is being combined with a Dataglove to provide Space Station documentation which
goes along with an operator (versus using a "floating in zero -G" manual). While in eary
state of development seems promising to me.

Mr. Michael McGreevy of AMES RC put on a razzle dazzle picture show of various
geological data. His conclusion was that desktop data presentations are not adequate.
Something like the head mounted virtual reality techniques are needed (he buttressed
this thesis by showing mosiacs from the Moon and Mars).

Because no one else offered their notion of what constitutes or defines a workstation |
will, in the spirit of polemics, offer one. | propose to define one as a singie person
communication node that has access to outside information resources in addition to its
own capabilities and storage means.

My conclusion as far as this NASA effort is concerned is that it is a "going concern” what
with RIACS oft and running. AMES clearly has a large interest and influence in the
effort e.g. RIACS is housed there. There is a very strong science flavor to the effort.
This science flavor manifests itself in several ways. One way is in the pure development
of the various leading edge technologies involved e.g. A.l. Another is in the research
and application interests of the present group. This includes planetary exploration, the
processing and display of very large scientific data bases e.g. the portrayal of 3D
turbulent flow fields created by CFD. The other type of use growing out of the programs
(e.g. Space Station) is in operations. Examples include mission operations (reduce the
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Army on the Ground) and training about and repair of orbital hardware. The direct
application of all this to current known ED-12 programs is not obvious. In the long run
faster running generally more capable workstation technology will benefit LSS control, of
course. Based on this conference little or no direct hardware in the loop control
problems are being addressed specifically (at least of a type applicable to say CASES).
Probably monitoring progress reports would be worth the effort especially in real time
data collection disciplines. To try and do any serious steering to the direction of the
effort would be difficult and require dealing with the entrenched interests of AMES, JPL,
and RIACS.
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Workshop on NASA Workstation Technology

Agenda

Dayv One - March 13, 1990

8:30 AM

9:00 AM

9:15 AM

9:30 AM

10:10 AM

12:00 PM

1:00 PM

3:.00 PM
3:15PM

5:00 PM
6:30 PM

9:30 PM

Registration desk opens.
Coffee and pastries served in the Ballroom lobby.

Welcoming and opening remarks.
Barry Leiner, Peter Denning, and Robert Brown

Charge and goals for the workshop.
Lee Holcomb

Keynote speaker.
William Bricken, Chief Scientist, Human Interface Technology —enter, Univer-
sity of Washington

Mission Operations Workstations.

Jay Costenbader, GSFC, Three Mission Operations Workstation Projects

Jim Jeletic, GSFC, Workstation Technology Used for Flight Dynamics Mission
Support

Mike Wiskerchen, Stanford University, Application of Advanced Workstation
Technology to Shuttle Operations

Break for lunch.
Location: Ballroom C

Application Development Environments

Eric Hardy, CMU, The SEI User Interface Project

Randy Davis, University of Colorado, Oasis: Present and Future
Jay Costenbader, GFSC, TAE+

Coffee break.
Andrew Potter, MSEC, The SoftPanel Protorype

Mission Science Workstations.
Tim Castellano, ARC/RIA, SHOOT
Patricia Liggett, JPL, The VNESSA Systemn

Technical sessions end.

Vendor show, poster and demonstration session.
Hors d' oeuvres and no-host bar
Ballroom C & D

Day one ends.
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Dav Two - March 14, 1990

8:00 AM

8:30 AM

10:30 AM
10:45 PM

12:00 PM

1:00 PM

3:00 PM
3:15PM

5:00 PM

5:15PM

Coffee and pastries.
Ballroom lobby

Mission Operations (continued)

Gaius Martin, JPL, Sharp

Tom Engler, MSFC, MSFC Workstation Lab:SSF and AXF

Gregory Blackbumn, JSC, SSF Multipurpose Applications Console (MPAC)
Coffee break. '

Science Data Visualization.
Eric Hibbard, ARC, Code RCD Graphics
Leo Blume, JPL, Linkwinds -- A Prototype Scientific Visualiztation System

Break for lunch.
Location: Baliroom A

Val Watson, ARC, Workstation Applications Office Projects
Stephen Coles, JPL, EASE: An Engineering Analysis Subsystem Environment
for Real-Time Spacecraft Control -

Productivity and Collaboration Tools.
Keith Lantz, Consultant, Multimedia Workstations for Collaboration

Coffee break.
Barry Leiner, RIACS, The National Collaboratory

Other Workstation Projects.
Larry Foster, Boeing, TMIS, Micro/host/Integration
Michael McGreevy, ARC, Ames Virtual Reality Projects

Workshop wrap-up.
Robert Brown

Break for the day.



Day Three - March 15, 1990

The third day of the workshop consists of working sessions at NASA Ames
Research Center. We are interested in having 15-25 people work in a small number
of groups to capture and document the important parts of the workshop and to begin
the process of creating the workshop report.

Key elements of the report could be:
The state of workstation technology inside NASA.
The priorities for future activities.

A structure will be created in which the third-day participants will work. This
structure will be reviewed in a plenary session at the beginning of the day. Then,
small groups will form and work on a detailed outline of the report.

Who should participate? Speakers, managers, those with opinions or an interest in
impacting the report. These people will become reviewers for the report as it is being
integrated and edited over the course of the following two months.

9:00 AM Description of the report-writing process.
Robert Brown

10:00 AM  Break into groups by session.

12:00 PM  Break for lunch.

2:00 PM Plenary session for presentation of results.
5:00 PM Workshop ends.
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Support Personnel

-- Bob Brown, Program, Demonstrations
-- Dee Doyle, General Scheduling & Management
-- Lorraine Fisher, Local arrangements, messages

-- Others (Green Badges)

Posterboard Session
-- Posters hold 9 (portrait) or 6 (landscape) letter-sized pages
-- Give materials to Lauri Howard or Bob Brown

-- Posters will be presented at the vendor show

Demonstrations

-- Limited demonstration capﬁbility
-- Sun 3/160 color & monochrome

-- SGIIRIS (personal & 4D/220) |

-- NeXT

-- Macintosh (MacOS, MacX)

-- IBM RS6000

— Sun SPARCStation & Sun 4/330

-- DEC DECStation 3100

Vendor Session

. == 6:30-9:30PM, adjoining ballroom

-- Hors d’oeurves served in lobby

-- No-host bar

-- Demonstrations mostly on vendor equipment

-- Video tapes running in the corners
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Recommendations for Improvements
in

Scientific Workstations

Val Watson
NASA Ames Research Ceater

more realistic
simulations

solution analysis

Now
Fraction Required for Analysis //‘

Fraction Required for Simulation
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Workstation features important for scientific
applications

NMlustrations of scientific analysis using
yisualization

Current capabilities for analysis

Comparison of current capabilities with "ideal"

Recommendations for the future

10 Years Ago
4 Fraction Required for Analysis 4
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Fraction Required for Simulation

10 Years from Now

.
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Allcum:nd surPularscerm‘»canbc:cmmdwnh
-3Dhnes

- points
Surfaces composed of 4 sided non-planar polygons
(flat shading sometimes preferred)

Typical scene represented with 10,000 of these
10 "frames/sec" needed to understand dynamics

Therefore, the dqﬁvec_i requirement is

NAS Graphics Benchmark

consists of 3D scene of Shuttle with particle traces
and function mapped surface

measures 3D coordinate transformation rate

measures polygon and line rendering rate
- with hidden surface removed
- with mostly 4 sided non-coplanar polygons
- with and without smooth shading
- with and without transparency
- with and without antialiasing

Combination of old modules into a single program
Changes to take advantage of new workstations
Changes to make visualization more interactive

Current NAS Workstation Procurement
300 workstations over 3 year period
Graphics performance is most important factor
Threshold of pain for cost approximately $100K
Most weight given to graphics performance

Performance measured with our benchmarks
- surface and line graphics benchmark
- fluid dynamic code floating point benchmark

supercomputers

riwe |

YVisualization Soft

Simulation Visualization and Recording

Scene
Creation

Scene

Viewing Sequence| on Film

tion|Recording
Creation {and Video
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Recommended
Software for new data transformations, filters and
comparators that will be useful in fluid dynamics
Software to extract the essence of the fluid flows

s dditional Hard I
Recommended
An increase in the field of view of the display to
more nearly match the eye's field of view

Effective six-degree of freedom controls
Sound

Software to clearly display the essence of the fluid

flows (to create displays highly tuned to the

Voice recognition human's cognitive capabilities)

- discrete word or phrase now Software to generate pictures for monitoring

- continuous voice later accuracy and stabulity of the computer
Specialized hardware to support the tasks simulations using the human's pattern

described in the next viewgraph recognition capabilities

Current Visualization Research The Scientist's Enviro ¢ of the Fut

Scott Fisher's "Virtual Environment” project

- Helmet display fills the field of view . . ] )

- Display ¢ onds to head position A substantial portion of the computing power will

- Voice recognition be distributed to the scientist's office

- Data gloves for manual coatrol of objects

(scientist feels like he is inside the simulated field)

Professor Hesselink's research project
- feature extraction using expert system
(based on flow field topology rules)
- display that highlights critical and
suppresses "visual clutter”

Most scene rendering will occur in "real time"

Most simulations will be performed interactively
with the scientist observing and steering the
simulation in "real time" with highly effective
controls

. ’ e (] 2 .
The Scientist's Environment of the Future Conclusions
Remote In the scientists office Breakthroughs in workstations h
ave greatly
Inﬁf'!:eﬁdd P enhanced our capability to experience and
st oo understand computer simulations
vw’,wo‘;ﬁh There is still room for major improvements
Tailored fanctions in workstations for scientific analysis.
ared dara D ot el The most critical task facing scientists doi
servers visualization module computer simulations is extraction and mfl of
, display
wxmmx the key fgamm.ofmesimulaﬁons-—mm
'W‘.Idtn“""'l s odule research is required on this task.
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Remote Fagility Scientist's Office Remote Fagility Scientist's Office

3D Workstation
Simulation
Scene creation
on Scene viewing arientation
Projection t 2D Projection o 2D
Rendering to pixels Rendering to pixels
Remote Facility Scientist's Office

3D Workstation
Scene creation
Scene vicwing orientation
Projection o 2D
Rendering to pixels

Selection Criterion
Maximize the pcrformancelpﬁcc of the total system




Appendix D

SD/FAST
on the
VAX and AD-100
with an
Example Problem
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INTRODUCTION

This report is the outcome of a project initiated to evaiuation the use of SD/FAST, an
equation generating program, in the specialized environment of the AD 100 simulation
engine of the Visualization and Simulation Lab of The Research Institute. A program
was written to simulate a slewing maneuver of a four body spacecraft model. The
model is described on pages 13 to 36 of NASA JPL Technical Report 32-1592, "Attitude
Dynamics Simulation Subroutines for Systems of Hinge-Connected Rigid Bodies" by
G.E. Fleischer and P.W. Likins. This simulation was converted to ADSIM from the
sample program, written in FORTRAN, found in Appendix B of Symbolic Dynamics’
SD/FAST User's Manual. Plots were then generated in order to evaluate the
performance and éccuracy of the ADSIM simulation in this simple problem.

TOOL

SD/FAST is a program used for the generation of dynamic equations from a simple user
input file describing the system to be modeled. This program can handle any system
that can be described by a series of rigid bodies connected with hinges. The input file
consists of descriptions of each body in the system (mass, inertia matrix, reference
orientation), joint descriptions, and any constraints added to the system. From this file,
the SD/FAST program generates two other files. The first is an initialization file that is
used to initialize state variables and set up the environment in which the simulation is to
run. The other file generated by SD/FAST is the dynamics file. This file contains all of
the equations of motion needed to model the system. These two files generated by
SD/FAST do not constitute a complete simulation themselves. The user must add all of
the necessary controllers and sensors in his own file. The user must also add any data
concerning prescribed motion in any part of the system to be modeled. This information
is then used to drive the SD/FAST generated portions of the simulation (particularly the
dynamics file).
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CONSIDERATIONS

There were many considerations that had to be addressed when converting the sample
program from FORTRAN to ADSIM. The first thing that had to be done to realize that
the two languages use SD/FAST differently. ADSIM uses the initialization file generated
by SD/FAST as a place in which to incorporate its user-written code. The dynamics file
generated by SD/FAST is incorporated into this framework. FORTRAN handles the task
quite differently. The user includes calls to the initialization and dynamics files. The
incorporation of the user's ADSIM code into the SD/FAST generated files makes the
ADSIM much smoother and easier to follow. The addition of a sophisticated, variable
time-step integrator within ADSIM was another major difference between the two
languages. This integrator had to be written into the FORTRAN code of the sample
program, but was not needed in ADSIM version. Other considerations that had to be
addressed were the differences in the two program languages mechanics. The
renaming of variables within the different subroutines of the FORTRAN example had to
be traced back through the code in order to decipher which ones needed to be ported to
ADSIM and which ones were only needed by the FORTRAN. The global scope of
ADSIM variables dismissed the need for renaming these variables within different parts
of the ADSIM code. Also, the logic that is used in the controller model of the user-
written portion of the FORTRAN simulation had to be incorporated into different areas of
ADSIM code since ADSIM deals with procedural statements differently. The
mathematics of the controller model also had to be deciphered in order to better
understand the dynamics involved with the slew maneuver as commanded by the user-
written code. The ADSIM code that was obtained by this conversion still retains most of
the flow of the FORTRAN code and should be easy to follow.

MODEL

As seen in the accompanying figure the spacecraft model contains a number of
elements (four bodies with ten degrees of freedom). The spacecraft model used during
the simulation includes a bus fixed to a boom by means of a u-joint. Atop the bus is a
camera attached by means of shaft (or clock). The shaft is connected to the bus by
means of a pin joint while the camera is connected to the shaft by another pin joint. The
positions of these joints are Q-4 and Q-5, and their rates U-4 and U-5 respectively.
These are the joints that have commanded rates during the simulation. The boom is

D-4



flexible; and to simulate this, spring and damping torques are applied to the U-joint
between it and the bus. The craft is also equipped with three gas jet thrusters and rate
sensing gyros to correct bus attitude should it exceed certain limits. The clock and
camera can be slewed by means of variable torque motors at each hinge. A controlier
model in the program drives these motors.

The reference configuration of the clock and the camera is pointing away from the boom
with no inclination. At the beginning of the simulation, Q-4, the clock position, is 4
radians from the reference configuration; and Q-5, the camera position, is given to be -
0.5 radians. One second into the simulation, the slew will begin and will last for ten
seconds. During this time, the clock will cover a 0.25 radian rotation from 4 to 3.75
radians and the camera will cover a 0.10 radian decrease in the declination of the
camera from -0.5 to -0.4. The plots of this can be seen in Appendix B.

As the bus drifts, the controller fires the thrusters as necessary in order to correct its
attitude. There is a deadband of .0025 radians before this occurs. The effects of these
thrusters on the bus and the boom can be seen in the plots in Appendix B.

PROGRAM

Appendix A contains all of the simulation code and all input files associated with the
simulation. The first item is the SD/FAST input file that was provided by Symbolic
Dynamics. The next two items are the initialization file and dynamics file. Finally, there
are several plots that were obtained from the simulation running on the AD 100.

The simulation program is written in ADSIM with much of the initialization occurring in
the FORTRAN sections at the beginning of the code. The ADSIM consists of the main
user-written body of code and five functions that control each of the three thrusters and
the two hinges that follow prescribed motion. The dynamics file is then incorporated into
the code with an INCLUDE statement after the main body of code. The blocks are
defined below.
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Initialization File:

FORTRAN blocks

REGION initial

FUNCTION thrust

FUNCTION camrat

DYNAMIC continuous

D ics File:

REGION sd-initial

REGION sd-dynamics

REGION sd-states

These blocks set up the variables in FORTRAN. These will
be reassigned as ADSIM variables later in the dynamics file.
There is also a description of the system from the input file.

This block initializes the stat variables and all initial values of
all other variables used to drive the simulation.

These three blocks each control the three thrusters that
correct the attitude shifts of the bus.

These two function control the commanded rate of the clock
and camera as the slew maneuver is simulated.

This block of code contains both the equations for computing

the hinge torques and the equations for computing the force
applied to the system by each of the three thrusters.

This section converts the FORTRAN variables in the
initialization file into ADSIM variables.

This block computes the state derivatives.

This block performs the integration routine.

NOTES ON THE SIMULATION

The simulation environment consisted of a VAX 3100, 3400 and an Applied Dynamics
AD-100. The AD-100 features the ADSIM language. The version of ADSIM used is
version 7. This version has the ability to import FORTRAN code generated outside of
the AD-100 environment. In this instance the VAX 3100 hosted the SD/FAST software.
The spacecraft problem was input to the SD/FAST program in the 3100 and it took
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27.06 sec of CPU time to create the FORTRAN coded equations of motion. The ADSIM
portion of the code was input to the 3100 and then the ADSIM compiled. This
compilation took 50.11 seconds of CPU time. The problem was then executed on the
AD-100. One run (the one shown in the graphics) was made at 10 times real time. It
was then found by experiment that the problem could be run in 96 times real time i.e. it
took 0.3125 (30/96) seconds for a total problem time that would take 30 seconds in real
time. The default integration scheme called the Adams-Bashford 2 was used in all
instances. This is a single pass integration scheme suitable for real time or hardware in
the loop simulations. It is one of over a dozen integration schemes selectable in the
ADSIM environment (you may, of course, write your own if you wish).

CONCLUSION

After becoming familiar with the mechanics of SD/FAST in regards to ADSIM arid
converting the sample program from FORTRAN to ADSIM, the worth of a program such
as SD/FAST becomes apparent. It gives the programmer more time to concentrate on
the design and control of a system without having to worry about producing the long,
complicated equations of motion of the system by hand. The time spent learning how to
use SD/FAST is more than made up by the savings in man hours and computer time
that it will save later. The sample situation, although far from complex, gave a solid
performance when running under ADSIM. The relative strengths of the AD 100 and the
ADSIM programming language are more than capable of running this program's
generated files with almost no loss in performance except in the largest of simulations
where runtime performance is of optimum importance. In these cases, SD/FAST is an
option, although it may not yield as good results as other methods of deriving equations
of motion.
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This 1s an SD/FAST Input File describing the four-body spacecraft
from Appendix B of the SD/FAST User’s Manual. Note that neo
forces are allowed and that only the base baody

torques. -

external
can have any external

F R R

langrage = adsim
body = bus
mass = <10

inertia = 115 -14 14
. = Z1le -34.6
7 E S

force = O Q

boay = clochk inb = Dus 1ILNT = 01N
mass = .8
inertia = 0,33 0,35
bogy ToJoint = O 0 -, s

inbToJoint = 0D -1.3
pin = O O 1

force = O O Q

targue = O 0O O

body = camera inb = clock joint = pin
mass = 37.3
inertia = 4,85 O.41  -0,07

? P 0.54
7 > 5.5
bodyTaodoint = O -0Q.22 0.2

inbTaJoint

pin = -1 0O O
force =0 Q0
torgue O 00

Q 0,1 -0.73

baody = bBoom 1nb = bus 11Nt = il 1oint
mass = 10.7
inertia = 27.:2 0.2 27.2
bodyToJdoint = O 3.3 0O
inbToJoint =0 -l1.2 0
pin = o 01

pin = 1 O 0
force =000
torgue = 0O 0O O

# @ #)slew.dat 1.1 (Symbolic Dynamics, Inc.) 88/0S/02 20:23:46



torgues.

FwHF e

language = adsim
body = bus
mass = <410
inertia = 115 -14 14
T 21le -34.5
E B 330
force = O Q0O
bodv = ciock inb = bus nint
mass = 5.5
inertia = 0,23 0,35 O
bodvTadoint = O i) -3, 7%

1nbTaloint

oin

This 1s =n SD/FAST Input File describing the four-body spacecratt
from Appendix B of the SD/FAST User’s Manual.
forces are allowed and that conly the base bady can htave any external

Note2 that no arxternal

ORIGINAL PAGE

(1]

CF POOR QUALITY
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TORTRAN SECTION dg=clare
“ORTRAN

-

i

oo aann OO0 0c0GO0O0 G dba CT RO (a0 Ca b b a i

[

C
c

c

T TY Y 1 1 X X ¥
= = === e T ====s=== - e o m e e T e S T N N =
= == E SIS ES S SSoCS=ES = SCSSSsS==S TS SESSSTE=S=E==SS=SS=S=sS==—====-=

INITIALIZATION ROUTIME

GENERATED 16-AUG-1330 1Z:Z8:31.66 RY SD/FAST, ORDERIN) FORMULATIOM
(SDFAST A.Z. 14 #Z0112) ON MACHINE ID OAQGUODEVS3Z100

COPYRIGHT (C» 1388 BY TYMBOQLIC DYNAMICS, INC.

DESCRIPTION OF SYSTEM:

RODIES INE CCOPRDS U
# NAME BODY HINGE TYPE P=PRESCRIERED
1 bus ATTITUDE 1 2 3
TRANSLATION 2 310
2 clock 1 PINCLIDY 4
2 camera ~ PINu1D: =
4 Doeom i U-JOINT 2D & 7

THIS ROUTINE SHOULL RE EDITED TO SUPPLY VALUES FOR alLL YARIAELES
WHICH WERE GIVEN A3 UUESTION MaRk3 IN THE INPUT. THESE YARIAEBLES
ARE SET TO " 7" BELOW aAND sSHOULD BE CHANGED AS APPROFFIATE.

MEANING OF VARIABLES:
IN THE INDICES EBELOW, ¥ IS & RODY MNUMEER, 1 AND J SELECT

ELEMENTS OF A YECTOR R 3X3 MATRIX, AND Q SELECTS A PARTICULAR
PIN OR SLIDER AT & HINGE COUMTING UP FROM INBOARD TO QUTEROARD.

MK (K3 -- MASS OF EBODY Kk
I¢Kk,1,J» -- [J-TH ELEMENT OF INERTIA MATRIX FOR EBQODY K
L@, I -~ I-TH ELEMENT 0OF FIN VECTOR AT CODORDIMNATE Q. SINCE

Ac4y IS5 THE 13T HINGE COORDINATE, Lt4,I) SELECTS THE
1ST PIN OR SLIDER.

RKC(K,I» =-- I-TH ELEMENT COF VECTOR FROM MASS CENTER OQF ERODY « TO
ITS INEBOARD HINGE POINT

RICK,I» == I-TH ELEMENT OF YECTOR FROM MASS CENTER OF THE INEOARD
BODY OF BODY K TO THE INEOARD HINGE FOINT OF EODY K

DOUBRLE PRECISION ME(4),[i4,3,3)
DOUELE PRECISION L(7,3).Rk (4,30
DOUEBLE PRECISION RIcCa,3:

COMMIOIN BLOCK FOR SYSTEM HaARAMETERS

COMMON /SDCOMN/ M, I, L. RK,RI

END FORTRAN

FORTRAN SECTION start
FORTRAN

D-13



CoO0GOO

»
C
C

C
c
c

VALUES FROM

BEODY 1 (bus

)

INFUT FILE

M Clo= 410.0D0O

Ic1,1,10
[el.1.20
Ict, 1,3
Ict, 2.1
a1, 2,20
ILI.-.Q)
I1¢1,3,1

I(l.u.~)
1¢1,3,2)

115.0D¢
-14.0D0O
3,000

-14. G5O
31E€.0DO
-z4.6D0O
4, GDo

~-34.6D0
440, 0D0

BODY 2 (claock?

ME(CZ) = E.BDO

¢, 1,10
I¢2,1,2)
I¢2,1,3)
I(2, 2,10
I¢z,2,2)
I¢z,2,2)
I1¢2,3,1)
I1(2,3,2)
I(h.\-"\-')
RK(Z,1)
RK(Z, )
RK(Z,3)
RICZ, 1)
RICZ,Z)
RICZ,23)

Lid,10=
Lid, 2o =
Lit,3)=

n#anu || [

o]

. 35D0O
. QDO
O, 0ODO
Q.0DO
0.33D0
O.0DO
O, 0DO
0., 0DG
O, 0DO
0, QDO
O, ODO
-0.75D0
Q. ODO
Q, QDO
-1.5D0

1, DO

. DO

1.0D0O

BODY 32 (camera)

Mk (3Z)= 57.3D0O
[(3,1,1)= 4.85D0
I(3,1,2)= 0.41D0

€3,1,3)

-0.07Da

I(3,2,1)= 0.41D0

I1¢32,2,2)
I1¢2,2,3)
1¢3,3,1
1¢3,3,2)
[(3,3,3)
RK(3,1)
REC3, 2
RK(3, 32
RIC3,1
RIC3,2)
RIC3Z,.:3)

H w0 nu

2.2D0
0.34D0O
-0.07D0
0.S4DO

= 5.3D0

0, 0DO
-0, 2200
0. 2DO
0, 0DO
-0. 100

-0, 78D
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LeS, 1) -1.9D0
L(S,2y= O,0DO0O
L(S,2)= 0,.0DQ

BEODY 4 <boom)

G0N

Mk (+1= 10,7D0
I¢st,1,10= 27,200
Ica,1,20= 0,0D0
I¢4,1,30= 0,0D0
I¢4,2,1) 0. ODO
Icd,2, 2= QO.2D0O
Tiog,l,.3v= 0,000
Ica,Z,1) L0

1]

Ioa,2,2y= Q,0DO
[¢(a4,3,20= 27.200
R e, 10= 0,000
Rik(3,2)= 3.3Da

RK (3,3
RIC4,1)
RICa, 20 -1.2DG
RIC4,3)= ©,0D0
L(E,1)= 0,0D0O
L(g,Z2)y= O,0D0
L, 3D 1.0D0O
L(7,1) 1.0DO
L(7,2)= 0,0D0D
L(7,31= O,0D0O

Oy, Do
0, ODO

wou

(-
END FORTRAN

FORTRAN_SECTION *
REGION initial

v SET THIS FLAG MON-ZERO WHENEWER YOU WANT [0
CoAMGLLAR MOMENTUM, KINETIC ENERGY,. cTC.

sdchek flaa = 0,0DO

¢t INITIAL CONDITIONS FUR STATE VYARIARLES

1@ = 0.0d0
z@ = 0,0do
2@ = 0.0d0
“a@ = 4,0d0
S@ =-0,5d0

), 00
0, 0do
0.04do
0.0doO
= 0,0d0o
), 0go

P
@ @ [ g
W g4

- W Nm

fae 1@ ras 1@
u u

@

CCCono0o0o0co

_Z = O,0d0
_3 0, 0do
u’4 0, Odo
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i, g
(Y, g
0.0do
Q,0do
U 3a 0,0do
u_10&8 = 0,0d0

' EXTERNAL FORCE AND TORQUE IMNITIALIZATIONS

Fk_1_1= 0,0D0
FkK_1_2= 0,.0D0
Fk_1_3= 0.0DO
Tk_1_1= 0,0do
TKT1:2= 0, 0d0
Tk 1_3= 0,040

O, 000

m
[l
et

1]

Fr o 2= 0,0D0
FE_2 3= 0,0Do
TE S 1= 0,000
Tk _Z &= 0,0D0
T 2 3= 0.0DO
Fk_3 1= G,0D0
FK_3_2= 0,.0D0
Fk_3_3= 0,0DO0
TK_3_1= 0,0D0
TK_3_Z= 0.0DO
TK_3_3= 0,0D0

FE_4_1= 0.0DO
FkK_4_2= 0.0DQ
F¥k_4_3= 0.0DO
TE_4_1= 0,0DO
Tk_4_2= 0.0DO
TK_4_3= 0.0D0

' HINGE FORCE OR TORGQUE INITIALIZATIONS

TAU
TAU
TAU
TAU

0, 0Odo
O, 0do
0,0d0
0. 0do

B LIS

! A-FRAME [NITIALIZATION

0. Ogo
0,.0d0
0, 0do
0, 0d0
0.0do
0, 0d0

WA 1
WA T
WA 3
VA 1
VA_Z
VA 3

[T T R TR 1]

' USER ADDED VARIABLE ASSIGHNMENTS

CLKCMD = 4.0D0
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cAamMCcMD = -, SDO
TIME = i), 0gu
CLECMD 4, GDO
CaAMCMD = -0,3DO
avro = 2.0d0

1.1 = d.,23do
1 2 = 0.21d0
1.2 = 2.31a0
k1 3500, 0do
b2 = 3500.0d0
k_3 2000, 0d0
b_3 = Z000,0d0
b_1 = Z0.0do
b_T = 20.0dD
b_2 = 10,0d0
B_4 = 10.0d0

END REGION inmitial

functicn thrustliterl = time,evr 1)
dband = O.0E3dO

tmin = 0,0Z40

fire_1 = 0D.0d0

toff 1 = 0.0d0

if (err _l.1t.-dband) Then

fire 1 = 1.0d0
taff 1 =z t1ime + tmin
end 1f

if (err_l.at.dband? then

fire_1 = -1,0a0
toff_1 = time + tmin

end 1f

if (time.qe.toff_1 Y then
fire_1 = 0,0d0

end 1f

trl = fire 1
end functicon
function thrust2(tr2 = time,er-_3)

dbandg = 0.00Z2d0

tmin = O.0Zdo
fire & = Q.igL
taff = = 0,040

1f ferr Z.1t.-dbang) then

fiYE_E = 1,0d0
toff O = time + "min
and 1f

1f ferv Z.at.dbanc: “hen
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fire_=Z = -1.0da

toft _ = time + tmin
and 1f
1f (time.ge.toff_2 ) then
fire = 0, 0d0O
end 1f

tr2 = fire 2

end functiaon

“function thvustl(trd = time,srr 30
dband = 0.002540

tmin = 0,02d0O

fire_3 = 0,0d0O

toff_3 = O,0do

1f (err_3.1t.-aband) then

fire 3 = 1.0doO
toff_3 = time + tmin
2nd Lf

if ferr_32.gt.dband) then

fire_3 = -1.0d0
toff_3 = time + tmin

end 1f

if Ctime.qge.toff 3 ) then
fire 3 = 0,040

end if

tr3 = fire G
end functicon

functicn cmdratl(clkemd = time)
STRTSL = 1,040
STOPSL 11.04d0
clkrat = -0,028d0O
1t (time.lt.strtsl) then
clkecmd = 4,0dO
end if

]

if ({time.gt.strtsll.and. (time.lt.stopsl?) then
clkomd = 4.0d0 + (clkrat * (time-1.0d0))
end 1if
1f (time.gt.stopsl) then
clkemd = 3.73doO
end if
end function

function cmdratZicamemd = T1me)
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STRTSL 1.0do
STOPSL 11.0d0O
camrat = Q,01do
if (time.lt.strtsl? then
camcmd = -0.3d0O
end 1f

if ((time.agt.strtsl).and. time.lt.stopslil then
camemd = =0,.530 + tcamrat * (time-1.0d0))
end Lf

1f (time.agt.stooslt Shaen
camcmd = -0, Sd0
=and 1 f

and tunctiaon

DYNAMIC continuous

clkecmd = cmdratlctime)
camcmd = cmdratldtime)
time = system_time

tau_4 = -k_1l#(q_4 - CLKCMD) - b_1lwu_4
tau_S = -k_2#(q_S - CAMCMD) - b_2I*u S
tau_& = -k_3#*a_& - b_S*u'6
tau_7 = -k_4*q_7 - b_d4%u_7
tri = thrusti(time,=svrvr_1)

err_1 = gyro ¥ u_1 + a_l

tk_t_1 = 11 * tri

tr2 = thrustlitime,err _I)

err_< = qQyro ® oy = + g &

thk_1 2 =1 = * trz

Er3 = thrustSitime,=2rvr 3]

arvy I = agyro #® w3 + a 3

tk L 3 =13 # tr3

ENDDYNAMLIC
INCLUDE ’SLEW.DYN’
runspecs

endtime
speedup

20,
10

EXECUTE 'SDCONTINUOUS’
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REGION sd 1n

' VARIABLES

1t1al

FROM THE SD/FAS:

Mk 1 = CMKC1)]
I 111 = (CI¢c1,1,12]
I 1t 1 2 = CI¢t,1,20]
I 1.1 3 = (I71,1,3)1
I_1_2_t = CIct,2,101]
I_t_2_2 = [IC1,2,20]
I_1 2.3 =1(0I¢1,2,3)1
I_1_32_1 = (€1¢1,32,111
1_.1_ 32 =T[I¢1,3,201
1.1.3_3 =100I¢1,3,321
MK_Z = [MECZ)]
I 2 1 = [I(Z,1,10]
I_z2 2 o= [Ic2,1,201]
| 3 = {I¢2,1,311
I_2 1 = [Tcz, 2,101
1_2 2 o= CI¢x, 2,201
12 2 3 = ([1t2,2,30]
G 1 = £I¢2,3,10]
I_2 2 0= [IC2,3,231
1. 233 =1L01c2,3,31]
RE. 2 1 = CRKCZ,11]
REK_Z 2 = (RW(Z,Z)]
RE & 3 = [RKiZ,3)]1]
RI_Z.1 = C[RItZ,1)]
RI & 2 = [RICZ,Z))
RI 2 3 = [RI1I{:2,301]
4 1 = (L4, 101
4.2 = [Lesd,20]

4 3 = (L(4,301

. = [(MK(3)]

bt o e S
ko
(G W

3_1_1 = [I¢3,1,12]
3. 1. 2 =(I¢3,1,201
3_1_3 = [I1¢3,1,3)]
3_Z_1 =1[Il¢3,z,11
3. 2.2 = [1¢3,2,20]
323 = (1(3,2,323
I_3_3_1 = [1¢3,3,1)]
I 3. 3.2 = [I¢3,3,2)]
1.3 33 =10(01¢3,3,3)]
RE_Z_ 1 = [REK(3,1)1]
RK_3 2 = [RK(3,2)1
RK_Z 3 = CRK(Z,321]
RI 2 1 = (RI(3,12]
RI S_2 = (RI«2,201
RI 23 3 = [RIC3.,31]1
L. 1 = CL(S,10]
LS 2 = [L(g, 2]
LS 3 = [Les,301
ME 3 = [MK(3)]
I 4 11 = (Ilc¢a,1,121
I 4.1 & = CItsd, 1,20
I 4.1 3 = (I¢3,1,301

e

FILE



CIcsd, 2,101
CIes, 2,203
LIcs,2,321
(IC4,3,121]
[IC4,3,201]
(I¢4,3,3231
CRK (4,101
= LRE (3,20 ]

3 ClRK i3, .30 ]
(RIC3,101
CRICa,20]
CRINS.30]
Cite, 101
(L&, 201
CLiE,301
(L(7,.1.21
CLL7, 201
(Le7,321

[

w}Jw-u};
U 0w oy

s Do WD Ba ED g

pe
£ LB
e

O

.
{J Ao (g s e
U g 4

END REGIOMN =d_1nitial

REGION sd_dymnamics

e e R e e e S S S S SSSsSS S SSSCS-EST S SESZ=E==S=CS=D==S==S=====

' THIS I3 THE DERIVATIVE SECTION FOR A 3-8CDY FREE-FLYING
' SYSTEM WITH 4 HINGE DEGREE«S)» UF FREEDOM,
' PLUS = ATTITUDE AND 3 TRANZLATIONAL DEGREES (F FREEDOM.

! GENERATED 16-AUG-1230 12:38:30.31 BY SD/FAST, ORDER(N) FORMULATION
VCSDEAST ALZ 13 8201120 ON MACHINE ID OAOOCOOSVSI1IO0
' COPYRIGHT <L) 13898 EBY SYMHOLIC DYNAMICS. INC.

! DOUELE FPRECISION 1 CLon
! DOUBLE PRECISION U C10)
! DOUEBLE PRECISION Fk t4,3)
! DCGUBLE PRECISION TaAU €7
! DOUEBLE PRECISION TK (4,3)
! DOUERLE PRECISIOMN WA (32
! DOUEBLE PRECISION VA 3
! DOUBLE PRECISION QDOT (10
! DOURLE PRECISION UDOT (10D
! DOUEBRLE PRECISION R 4,30
! DOUBLE PRECISION RI 4,320
B DOUBLE PRECISION L (7,32
! DOUBLE PRECISIOMN 1 (3,3,3)
! DOUBLE PRECISION Mk r4)
! OODUBLE PRECISION IADJ (3,32,27
! DOUBLE FPRECISION CIlk (8,32,320
! DOURLE FRECISION WADOTC t3)
! DOUBLE PRECISION RS5K (S,3)
! SOUBLE FPRECISIUIN MRSEK £5.3)
! DOUBLE PRECISIUN w1k e



DOUELE
DOUBLE
DOUELE
DOUBLE
DOUBLE
DOUELE
DOUEBELE
DOUELE
DOUBLE
DOUEBLE
DOUBLE
DOUERLE
DOUELE
DOUELE
DOUELE
DOUELE
DOUBLE
DOUELE
DOUEBLE
DOUELE
DOUELE
DOUELE
DOUELE
DOUBLE
DOUEBLE
DOUBLE
DOUELE
DOUBLE
DOUELE
DOUELE
DOUBLE
DOUELE
DOUBLE
DOUELE
DOUEBLE
LOUEBLE
LOUELE
DOUELE
DOUELE
DUOUELE
DOUBLE
DOUBLE
DOUBLE
DOUEBLE
DOUBLE
DOUELE
DOUELE
DOUELE
DOUELE
DOUELE
DOUEBLE
DOUELE
DOUEBLE
DOUBLE
DOUEBLE
DOURLE

PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISIGN
PRECISION
PRECISION
PRECISION
PRECISIUN
PRECISIGN
PRECISION
PRECISION
FREC IS ION
PRECISIIN
FRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
FRECISION
PRECISION
FRECISION
PRECISION
FRECISIUON
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION

WP
VP
Wk

WI
TTk
FTE
Ok

=13
Arl
GMi 1
DGEME L
(5Fk 1
DGFE 1
ACCL
ALFHL
rlEil
WER[1
WHSK 1
ETRE A
OCME 2
BFKLZ
UGFk
ACCLC
ALPHZ
RIKTZ
WkRIZ
WRSKZ
GMKEZ
OGMED
GFEZ
OGFK3
ACCS
ALPHS
RIKTS
WERIZ
WRSK 3
LMkS
aMk 4
GFk4
OGFk 4
ACCH
ALPHS
RIKTS
WKRIG
WRSK4
GMES
QGmMES
GFkS
OGFE'S
ACCS
ALPHS
RIKTS
WKRIS
WRSKES
LG

DI

Tt ]
Ay e
R C N
LDy
T Ty
—
R
(e 3)

[CY]

BRI R 3)
gy DD

e T - Y
2N ey e L

(.ai_u .';'. :"J_. 3)
(2,3

(2,30

(32

€37

(3,37

[ep]

(3
(233420
[~20 a-'- 3. S
(2,30
(2.3

€37

(32

(3,3)

(RCH]

€3
(Z2e2e3,32
(2, 2,3,32
(2,3
2,3

€37

€3

(3,30
e

Sch
(3

(% oo

. - 2.2
Ll B N X
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DOUBLE
DOUELE
DOUELE
DOUEBLE
DOUBLE
DOUBLE
DOUEBLE
DOUBLE
DOUBLE
DOUBLE
DOUERLE
DOUELE
DOUBLE
DOUBLE
DOUEBLE
DOUELE
DOUBLE
DOUBLE
LOUBLE
DOUEBLE
DOUELE
DOUBLE
DOUEIL £
DOUELE
DOUEBLE
DOUELE
DOUEBLE
DOUERLE
DOUEBRLE
DOUELE
DOUEBLE
DOUBLE
DOUEBLE
DOUELE
DOUEBELE
DOUELE
DOUBLE
DOUBLE
DOUELE
DOUELE
DOUBLE
DOUERLE
DOUELE
DOURLE
POUBLE
DOUELE
DOUELE
DOUELE
DOUBL &
DOUEBLE
DOUELE
DOUELE
DOUELE
DOUEBLE
DOUEBLE
DOUEBLE

PRECISION
rRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
FPRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISTION
PRECI=SIOM
FHECLISION
PREC [ 10N
PRECISION
FRECISION
PRECISION
PRECISION
PRECISION
PRECISION
FRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
FPRECISION
PRECISION
PRECISION
FRECISION
PRECISION
HRECISION
FRECISION
FRECISION
PRECISION
FRECISION
PRECISION
FRECISION
PRECISION
PRECISION
PRECISION

PRECISION

PRECISION
PRECISION
PRECISION
PRECISION
PRECISION
PRECISION

YIML
TAUF1
MPP1
VIiey
VIMZ
TAUPZ
MPPZ
VIPZ
VIMZ
TAUPZ
MPPZ3
YIRS
vIM4
TAUPY
MPP4
VvIipPg
VIMS
TAUFRS
MFPRI
VIES
LM
TAUPE
MPPE
VP
vimy
TAUFY
MPP7
VIP7
SOLNE
We

V&
L1t
L2l
Laz
Di

D2
D1INV
DZINV
L11D1
DiLad
LazD2
CL11
CLzz
RCL
CL11D1
CLz2Dx
RCLD1
LF
TEMP C100)
s1,C1
532,02
532,03
S4,C4
s&,CS
56, Ce
s7,C7
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COMPUTE SINES AND _I3INES JF 0

S1.C1l= sin_cost(Q 1)
Si,C0&= sin_coscQ )
S3.C5= sin_cos(Q 3
S54,C4= sin_cascQ _4)
55,C3= sin cost S
S&,Ce= sin _cosil_x)
57,C7= sain_coscQ_7)

COMPUTE DIRECTION COSINES

(CZ#C33

-(S3*C2)
C(S1#(ST*C321+535*C12r
C(CL1*#C3) -i31#032%53) 1)
-(S1#C2)

((S1%#83) -(Z1#(SZ*#C31 00
((S1#CT 2+ Cle(S52*531 10

(C1*C20

TTI T I [ N I TR

A T

[ T T I | ]
u(ugahymtﬂ»‘H

COMPUTE QDAT C(kINEMATICAL =4M%)

WADOTC 1= ((CIK 1 3 1%WA Z0+C(CIK 1 1 leWa L1+(CIK 1 2 1#WA_20))

WADOTC 2= ((CIK 1 3 Z#WA 30+CiCIK 1 1_u*%WA 104(CIK 1 2 Z#*WA 1))

WADQTC 2= ((CIk | 3 Z#wa 20+ Clr 1 2 ZS*WA _J)+CWA_1#82)))

QDOT _1= ¢ty 1-WADUTE 10#cC370210+0U Z-WADOTC 20 #(-83/CZ) 10

QDOT _Z= ((S3#%¢1 1-WANUTE 1)1+ (C3%U_Z-WADDTC 2100

QADOT _2= (U S-WADJTC Zi+vicy 1-WADOTC 13#C-(3Z*C3H/C2Z00+0CCU _2Z-
WADOTC _Z)#¢(3I#S30/C2) ) -

ADOT_8= ¢« ((U_10O#*SZ)+((CIkK_1_1_1#U Bo+«CIk_1_1_2%U 2901+ CL(Q_3I*
WA_2)=(O_10%WA_Z)) -VA_1)) -
@DOT_3I= ¢(CCIk_1_2_3%U 100+C(CIK_1_2Z_1*U _S0+(CIK_1_Z_I#U _3)10)+

CCCQ_10%WA_1) -(Q_B*WA_3Z)2)1 -VA_Z)) )
QDOT_10= ¢((CIK_1_3_3%U_103+C(CIK_1_Z_1%U_8)+«CIK_1_3 _Z*J_32))+
CCCQ_B*WA_Z) ~(Q_I*WA_1)) -VA_Z))

' COMPUTE WPK C(PARTIAL ANGULAR VELOCITIES?

COMPUTE WE (ANGULAR VELOCITIES)

AND WI (U-JOINT PARTIAL &NGULAR VELOCITIES:

Wk
WK _
W _
Wk _

CoU 1#C3r +0y Z¥s5430)
CeU_2#Ca) U 1%540)
(UJ_3+U 4

(WK, 2_1-4 5

COWE D 2#iS) ~cwe 2 3#58)0)
COWE 8 Z#SSi ok 2 SRCS) )
CCU_1#CEI+iU _is582)

(U _2#CEI1-(U _i%3581)

(AR I X
1 {

£E
e

i

{ ! { i
e G oo g B

E
-

WK

£
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3= (U_3+U_g)

1= (U_7+Wk_3 1)
Iy

-

COWK_4_2#C70+ (WK 3 S#5700
CCWK_3_3#C7) -(Wk 4 %8700

TEEEL
=
UGN R
i

COMPUTE UK  ¢(ANGULAR ACCEL. >

—
{]

(U g#WK = )

- AWk S 1

CO0OK 2 2#C51-U S#WKE 3 35))

COQK 2 Z#GI0+0i) S#WK D 200

(U E*Wk 3 )

-LL _E¥WE 4 1)

CCO0k _4 ST o+0l) TEWK_E 330

~CCOK _3_2#57)+ iU _7TRWK _S_20)

oogoaQ

Dm:

[ ooy
Lﬂ}ﬂLALLJ#Ith
| ' ' v
[V U SR 1 I S5O

1

oQco
= F =

COMPUTE VYPk (PARTIAL VELGCITIES)

COMPUTE RSK/MRSE

COMPUTE RIK AND IADJ

¢ COMPUTE Ak (LINEAR ACZCELERATIONS)

AK_1 1= CCU Z%U 10)-(U Sy 21)
Ak 1 = ((U S#U_8)-(U 1%U 101
AK 1 3= ((U 1%U 9) -0 Z<J 91

AK I 1= (AK 1 1-01.20D0%{) 14 20D

LAk 1 Z-C1.5DO% Y 2%y 222

CAK 1 3+C1.SDO* iU _1%U 10+U T%U_2I00)

CAKT Z 1*Car+CAkT D I%S3))

CCAKT 2 2#C4) -CAKT I 14540

CAK 2 1-CO 1DO* (WK 2 1%WK 2 2000

CAK 2 2+00.100%CCWK_Z 1#WK 2 10+ (WK _Z %Wk 2 35000

P o

=

~
INLI.

-

3

.

] }
4.- -r.,_‘.y-u',
Lol I IOV

g

>

— 1
Ld L

Ak I 3= CAK S=Cu 1DO*C0K _Z 1+ WK 2 Z%WK 2 320000
Al = ¢

1_z
(AT 3 _Z#CS)~-iAKI_Z_2#S8S))
CAKT _3 _Z2#SS)+(AKI_S_3%#CS)H )
CAK_1_1=-C1,2DO*cU_1%U_220)
CAK _1_2+C1.2DO*CcU_1#U_10+U_3%U_3Zr00
CAK_1_3-¢1,2DO*U_Z*U_311)

o
>
W
) o

>
—
BOR C O

TR 7 N S |

AK_ 4 1= (C(AKI_4_1%CE)+(AKI_4_T#S5)1)
AK_4 2= ((AKI_4_2%#CE) - AKI_4_1%567)
AK_S = ((AK_3_Z#C7)+(AKI_4_3%#57))
AK_S_3= ((AKI_4_Z*C7 ) ~(AK_4_Z%*37))

' COMPUTE FTE AND TTK C(INERTIA FORCES AND TORQUES)

WREKS 1= -0, 2DO*WE 5 2)+C0,22D0%WK 3 30

5 1
FTE 2. 1= (6.8DO*CAK I 1400, 7300* (0K I J+0WK 2 1#WE 2 323020
FTk & &= (£.8DO#0AK 2 Z+00,7SDO#CIWK 2 Wk 2 3)-0K 2 11330
FTE 2 3= (E.8DO%(AKL & 5-0G./SDU*i (WK Z 1#WK 2 10+CWKE 2 TwkWk = =)
DERIN A - N ‘ B L e

FTi 5 1= (97.25D0% CAK L G 1+0 010, L0DU® (e S 1#WE 3 200 =00, 2DO%*(
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WE_S_1#Wk_3 3330 -C00.ZDO#0k _3_=2+ 0O, Z2D0O*0k_3 31370

FT% 3 &= (q7.SDQ*(AK-3 ”+(<0,EDD*DK_:_1J+((Nk_B_S*NRbL 1)-¢
CZZDO* (WK _S_1#WK_Z 101020200 -
FTk 3 3= (37.3DO*CAK_3_3+C 00, ZZDO*0Ck _Z_1)+ 0D, ZDO* (WK _Z_1%WK_3 1)
WK _3_2*WRSK3 _ 139970 - - -
FTF S 1= (10, 7Do*«Ah_4 L+ (3, 3D0O* QK _S_S-C(WK_S_L1*Wk_S_Z)121
FTk_S = (10.7DO* (AK _S_I2+(3.3DO*C (WK 5 _1%Wk_S_11+cWk _S_3#*Wk _S_3Z1)
1)

FTE S 2= (10.7DO%(AK S 3-i3, 300w (0K 3 1+(Wk_ S _ZxWk S 21910)
TTE_1 1= (COU_Z#( (330, 0DO*Y 31+C0 13, 0D0%U _1) = (34.5DO#U_T0))) -

(U S*¢(316.0DO*U 29 =013, 0D0%J 191 =033, D0*J 29105 -Tk 1 1)

TTk 1| 2= (Y 3#ccld,0L0ey 20+ 0 115,0D0%0 12 -014,0D0*U i)?))-
(U 1#0(al30, 000y Lo+ 0ci3, 0000 1)y-1o3,.6D0#*U :J))))—TE 1 20
TTe 1 3= (ol 1#C0i515,000%0 Ji-014, 000«0 1)) -0(34,8D0#U 300 -
(U T*¢C013,0D0O*) S+ cli0.0un#i) 17 =013, GO 23)))3-TK—1 OB ]
TTE 2 1= (4, 175000k 2 L-rwi 2 Z¢Wk 2 300) =05, 1DO*AK _Z _2))

TTk 2 2= (3, 17SDusci o JF oW 0 1&#Ws 2 3050 +5, 1D0O<*AK 2 1))
TTK 2 1= ¢((11.30wsAd 2 L+ 012, eShueAr O 3503+ COTWKE _3 2 % (8.233D0O*
3 S0+ C3,07D0 WK 3 2 —uir,0FDORWE D 10000 ~tWK 3 33, 07D0O*
3 30+ Ci0.H1DOFWE 3T 1+ SDOFWK 3 200000+ 00C0, 4100*0K_3_z)+
€3, 323D0*0K_2 110 =03, 07DO*QK._3 _Z1i001)

TTE_3_2= (C((3.07DO*OK_3m3)+(LQ.41DO*DK_£_1J+&4.SDO*DK_3_2}))+
COWE_ZS_3# (O, H1DO®WK _S 20+ (3, 3335DO*WK _3 1)1 -00.Q7DO*WK _3_322) -
(WK _3_1#C(8.283D0*WK _3_31+C (3, 07DO*Wk_3_2Z) -0, 07DO*WE _3_ 122203
-(11.SDO*AKI_3_122

TTK_3_3= ((((8.283D0O*0K _Z _3)1+((3.07DO*0kK _3 2)-(0.07DO*OF Z_1000+

(TWK_2_1#((3.07D0*WK_3 3»+(ro +1D0*W: _S_ 1044, SDO*WK_3_291)) -
(WE_3_Z%#C(C0.31DO*WE_S_20+(3. I22DO%WE_2_1)) =(0. 07DO*WK_Z_312)1)

-(12.ESDO*AKI_3_1))

TTK_S 1= (((143.523D0* (Wk_S_I#Wk_S_30)+( 143, 7IZ00*0K_4_1)) -
35.321DO*AK_S_3))

TTEK_ S 3= ((35.31D0O*AK_4_11+( (143, 723D0*0K_S_3) -(143.S23D0O*C
WK S _1#WK_S_2)003)

' COMPUTE GMK AND GFK (GENERALIZED MASS ~ND FCRCED

(00083 7R280GESDO*(TAY 7-TTk S 1)1
GFES 1 _3= (FTk 3 5-t33.31D0#TAUPT )
GFES & 1= (TTK_ 35 1+C1338.723D0*TAUPT Y
OGMK4 1 1 2 2= (Z.02B008435933136D0+(3, &7/ I3IS5E8300SI3SRO* (CT7*CT 00

= (B.E7433ITSE400855D0O* i STCT)
OGMK4 1 1 2 3

= 2 3
OGMk<s _1_1_3_3= (Z2.02500633333146D0+ (8, £743355e4008ITDO* (ST*57) )

T3 1_2 1 _2= -(35.3100%37)
OGMKk4 1 _2_ 1 _3= (33.31DO*C7)
OGMks _2_1_2_1= -(35.2100%57)
OGME4 = 1 _3_1= (35.21D0O=»C7)
OGMKa _Z_2_ 2 2= (0.2DO+(1435.923D0O*(S7#5710 1)
OGMKs = 2 2 3= -(143.SZ3DO*{S7*C7))
4_2_2_3_2= OBMKs_Z 2 2 3

[
Wt

n

(0.2DO+(143.523D0O* i C7#C70 )
_2#C7)r-<(GFKS _1 _3#87)1)
_2*57)+(GFF5'1 I%C7 1)

_S_1

= "W

u -~ i
m
.‘
-
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1}

OGFk S 1 CF

b

OGFK+ 1_3= UF &

OGFk4_Z_1= GFKS_Z_1

OGFK4 2 2= ((O.ZDO* Qx5 = LD SeST
OGFk4 2 _3= ((0O,2DO%*(Qk 5 5 TeCTO)
MPPE= (1.0D0O/0GME4_Z_2 = 23

VIME 1_1= (MPPE#0GM¥ {1 X 1_3)

VIME_2_2= (MPPe*QGMrs Z_Z 2 30

TAUPSE= (MPPe* (TAU_E-0GFk<4_2_ 303

GFe4_1_1= (OGFK4_1_1+(0BMK3_1_2_ 1 _S*TAUFE) )
GFks$ 2 2= (0GFk4_2 Z+(QGMK4_Z_2_Z_S#TAUPE))
GFE«+ :, (OGFr4 T 3+006GNMka _L_ 2 3 _S*TAUPED )

GMK< 1 _1_1 1= ¢10,7D0-c0GMKS_1_2 1 S#YIME_1_1))
GMK3 1 _ I= (0BMks 1 % 1 Z-(0GMkS _1_ I 1 _I#VIME
GMiS 2 2 2 Z= 10GMks I 2 2 Z-CO0GMK4 I D 2 S#VIME_X_
TAUPS= 10, 100E7451927317 100« (TAU 47Tk 3 1))

pa bl _;__| )
k—"

(GFKZS 1 2= (FTE 2 Z-+11.3D0*TAUPS)Y )
GFKZ 1 2= (Flr 3 ;-.L_,k-ﬁv*TH'r:;,
GFrs 2 1= +TTK 3 1- A OE T AUrRS
GFKZ 2 2= 7Tk 3 ;-Lw.41pv*TAHV€*'
GFET 2 3= (TTK & S+iw,0 0= k@3
CLI1 & 2= (1 85-i0,5515200 20,3200
CLIY 3 = -i8oeil, 3l snnn. 7S LosTn
cLzz 2 &= iu5+fﬂ.5521Lahug,houaHUw*aq»&
CLEZZ 5 Z= (10.E2821168525372008300%03) -€35)
RCL_Z_ 1= —((0.LDO*CT)+ 1. 22D0O#*S5 3
RCL 2 2= ({0, 0018334141 223373D0#ST5 10, 010732827137634D0O*CT) )
RCL_Z_3= 0O, Q031735257 7313523D0#452) -0, 0185373281443 D0O*CS) 3
RCL _3_1= (O, 100+C00,2D0O*#55) -(Q.Z2DO#*C3) )
RCL_3_2Z= ((0.00183414122387SDO#CS2+(0, 0107342827 137634D0O%*SS )
RCL_3 3= ((0,003173257731353D0O#CS)+(0, (1353733814432 D0+3T))
OGMkz_1_1_2 2= (&,8D0O+C(36. =“S4u8:;5/43bD0*(Sq*: 10+ ¢
44,135734325323700= L1 _2_Z#CLL11_2 222
OGMKZ_1_1_2 3= ((3E.33543 3IIETATEDOR (5S40 )+ (
344, 135733825323 700« CLLL 2 _IT#CLi1 3 2o
UGMV* 11 3 _Z= UOGMEZ _i_1. .3
OGMKZ 1 _1_ 3 3= (&,8D0+0(36.33045382287435500#025+CT0 ) +(
44, 1857333 253237DO* (CLLIL 3 _Z#CLIL 3 2000
OGMKkZ2 1 2 1 Z= S.1DO+cS7.3DO*RCL 2 1))
GBMKL 1 & 1 3= §7.2D0=FCL 3 1)

QuUMEZ 1 2 2 1= —-iS,1D0+i i3,65384530287426D0* 1 35#CS1 1+

4, 41857348~5 237DO* izl 2 C#CL1l 3 £
OEMe. 1 2 2 23 ((36.5353:33229743aDG+ i WL 2 T#53) 0 +¢
33, 18573482532 37D0* ¢ 11 L SeERUCL @ L)
OGmez 1 2 2 3= ((uacqhw-J32;8_4_tO“*‘HCL SOTEeT
44.L:L7:44 ESDLETLECL_LLL W J#RCL 3 )))
oGMme s 1 B ‘5’. SRRt T d-...:/-—l- Jt-[J'H-I CS5+CS0 i+
F.41857 LU*tLLl' SOSECLIL d Ly
44-3_;U74Juu1§\:1| L 3RCSI 0+
LESO0E o1l S LRRCL W w0
((36.535933L23733600%  rCL _3 3*CS5r) +¢
SZ37D0HCCLLL 2 Z#RCL 3 220
aGMks 1 w2
LEMEZ 1 _2
OGMEZ L _2_
= OGMEZ 1 _.2 |

2
57348.

|IMI|H|QU;M

LI | i
Edo— GO B2 b
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QGMK.Z 2 1w = ITK

s
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OGMKZ 1
OGMEZ 1

t
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Foro0
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i

r.plyprwp,r
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0.4318
5

)y

||m

N u"
rJFJu

)+(5.361*
RCL_E_S*RC N
S7.3D00#* RCL _Z_1#RCL _
DGMKE_* 2 2_3= 10C2,185

Yr+i 033, 18573

OGMKZ & 2
S9.36813 54jd_ﬁUbU Du’e

RCL 3 1#rIZL 3 122000
CF_Z= ¢« (GFK3 1
CF 3= tilgFKs 1 S#*ior-

(3. 17500

SRS+

-

_—_

.

N

¥
-

CST e DIRRCL

P

3
-

_(\a-tuJuWJjg
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_'\Q-D_JJ% e e

1

LN OV VI

;
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S 7ATEU0O# (RCL
S3700#iCL1LY 3 Z#RCL 3 <
OGMkz =
(4 1/4D0+(tt;.lb

2HOSOTHOE 358 T) 0+
m“))+tt44.Lau/j43_53;3‘

3y

>+lin,:;j35438238743650*9CSfCEJ)+(
2S3237D0* L1l 5 seCLll

PES IR I B
TALELUR I RCL 2 3#CT) 0+
S#RCL 2 20

3 ZECE) 0+

SHOTOE1SEST 0O Lo
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5 Ju-alD”*(HCL
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)
*
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-y
=

3F0Z0e 18357 DGs (LT
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DO* CRCL_Z_Z*RCL_Z_2) ) +¢

RelES BE X

3743ED0O* (RCL _Z_3#
RCL_Z_T

V¥4 (ST SDi*

*CLZZ_

3 _E) 0+

dq*Ciii)+ffSE.5254382287436D0*(RCL_S_E*
RCL 3 311+, 1357394305323 7DC* CRCL

OGFKZ 1 1= FTk I 1+Fik

UGFk L W SR S I S

SR

Sod

vy

.

o

)

£Y ot 6]

L Tl AeA

QGFkZ 1 _3= (CF o+FTE = 3
OGFk< b= (TTE_&_1+05FKS

A\

OGFKZ_
0GFkZ_
MPP3=
VIMG 1 _

Mfﬂ

L0, 1DO*FTF

— “tghjw~»

(MPP4%0GMK 2
(MPP4*OGMK2
(MPP4+#0GMKkZ_

1]

VvIM4_;_ (MPP4#0GMKZ

<
—
=X
=
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P e
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(MPP4#0GMICZ_2_

2
SR

PP3# . TAU_4- DGF%‘,
(OGFkZ 1 1+(0OGMEZ
(OGFKZ_ _'+(DGMk'_
(OGFKZ_1_3+ t0GMKZ _
(OGFK2 _2_1+(O6GMKZ _ i
(OGFkZ 2 2+000GMKZ _Z 2

2_SH+IOGMEZ 2 2 3 T

1

s R
1 L*83) .
10

b
-

~%¥RCL 3

2_1-00,1DO*CF 510

L _2®CI)+IGFKT
I+CIGF3_2_ 3
ODO/OGMEE_ 2 2 3 3
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—

3
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1 o

Fol

1 1= 1, 200=;
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GMKZ

1 1-(OGMEZ 1_Z_3 3+VIM4
GMKZ 1

L3 3 R
JloE 3 2-cQGEMEZ L 2 3 3E MY _ 3,;”
. 1 1-¢0BMEZ 2 21 S*VIMs = 10
S I 1 | SR | 3*VIM4:j 23
& L=iUBMED D L SEVIMS L

GMK 2
LMK 2
GMkZ Z_Z.
DIINV 1 1
if (GMEKT 11 1 ne, . 0DO) then

Dlicsy 1 1= o1 000075E5MME2 1 1 i 1)
endylt
Li1 = 1
Li1 3 1 3
L11D1 = = A S R Tk | S
L11DL 3 Z= €GMKZ 1 1 2 S-tigMka 1 1 1 S¢Lil_2_ 1))
L11D1 3 3= (GMEL_1 1 3 Z-iGies 1
DYINV 2 _ &= 0.ubo
it \LllDl _2_Z .ne. Q.0DG) then

D1 INV _A_2= (l.0DOSLLIDY D2
endy1f
L1t 5 _2= (DLIINV_Z_2#%0L11D1_3_ 20
L11D1 J2_.3= (L1IDL _3_3-¢L1l_35 T+ 11DY_3_Z0
D1IINV 3
if (L11D

= (DLINV 1 1#BMKZ 1 1 1 .o
= (DIINV 1 1#3MEZ 1 11 3)
= BMKL

2.3 .ne. 0,000 then
_3_3= 1.0D00/L11D1_3
end1if
DiLZ1_
DILZY _
DiLZ1_
L1l
D1LZ1
L1l
L2l 1
L2t 1.
L1
Let 2
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DADS
a
Dynamic Analysis and Design System
by
CADSI
(Computer Aided Design Software, Inc.)
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DADS: Dynamic Analysis and Design System

PRODUCT DESCRIPTION

DADS is a mechanical computer-
aided engineering (MCAE) software
package that performs nonlinear large-
displacement transient analysis and
simulation. DADS is a cost-effective
tool that allows you to model real-
world behavior of complex mecha-
nisms and systems before you build
expensive prototypes.

Unique features of DADS include:

u Feedback, control and hydraulics:
DADS has a library of control and
hydraulic components that enable you
to model dynamics of feedback, control
and hydraulic subsystems, their cou-
pling with a mechanical system, and
forces and torques that are fed back
and act on components in the mechan-
ical system.

u Flexible bodies: DADS combines
flexible body analysis capabilities with
traditional rigid body dynamics, using
natural modes of vibration and static
correction modes that are associated
with kinematic constraint reaction
forces. It includes an interface proces-
sor for use with finite element struc-
_tural analysis codes to calculate
stiffness, mass and deformation
properties.

Applications of DADS software are
used in many industries, including the
following: automotive, aerospace, air-
craft, heavy equipment, materials han-
dling equipment, military vehicles and
robggig_s.

PROGRAM MODULES

DADS consists of several modules
that interact to perform an analysis.
Commonly used modules include:
B PREPROCESSOR - The Preproces-
sor allows you to define a model for
analysis. A command-driven menu
facilitates the input and editing of
model data, while data entry errors are
automatically screened. Extensive on-
line help and documentation for begin-
ners and an “expert” model of data
entry make the program easy to use.
B ANALYZER - The Analyzer is the
“heart” of DADS. A model is analyzed
based on initial conditions and driving
functions. Once a mechanism has been
defined from the library of 2D or 3D
model elements, the data set is pro-
cessed and the mechanism is mathe-
matically assembled and analyzed.

DADS solves for joint position, dis-
placement, velocity, acceleration, total
and potential energy, and internal
reaction forces of models. It performs

assembly, static, kinematic, inverse
dynamic and dynamic analysis.

c Assembly analysis - determines
whether all parts of a model can be
successfully connected by the defined
joints.

c Static analysis - calculates the static
equilibrium position and potential
energy of the modeled system and
components.

a Kinematic analysis - calculates the
relative motions of bodies in a mecha-
nism without regard for the mass
effects of the components or any for-
ces in the system.

o Inverse dynamic analysis - calculates
the forces necessary to move a model
through a predetermined path or
given motion.

o Dynamic analysis - calculates the rel-
ative motion of bodies in a mechanism,
including mass effects of the compo-
nents and any forces in the system.

B POSTPROCESSOR - The Postpro-
cessor presents the results of an analy-
sis in tabular or graphical form. Plots
of any variable as a function of time,
body position, joint forces, accelera-
tion, velocity, total potential energy,
and all internal reaction forces can be
quickly examined in various formats.

B DADS GRAPHIC ENVIRON-
MENT - This module allows anima-
tion of analysis results. With simple
assembly geometry commands, DADS
Graphic Environment automatically
links model geometry with position
data from the Postprocessor and
creates a realistic animation of a simu-
lation. These animations allow you to
quickly visualize the performance of a
model, and provide an excellent tool
for demonstrations and presentations.
Options include wireframe and solid-
shaded geometry with light sources
and shadowing.

INTERFACES
DADS integrates with other MCAE
applications such as FEA/FEM and
CADICAE as part of a total design
system. Interfaces are available for:
m AutoCAD s PDA/PATRAN »
MSC/NASTRAN » COSMIC/NAS-
TRAN u SDRC/I-DEAS s ANSYS.
Other interfaces and custom inter-
faces are also available.

HARDWARE REQUIREMENTS
DADS is available on all popular

engineering workstations, main-

frames, super minicomputers and PCs.

STANDARD LIBRARY OF MODELING ELEMENTS

tion models are constructed.
Joints

Bracket m Planar # Gear
Forces
Constraints

Controls

Hydraulics

Servo Value @ Single Actuator @ Valve

Others

DADS contains a standard library of modeling elements from which simula-

® Revolute 8 Translational W Cylindrical @ Spherical @ Universal m Screw @ Revolute-Revolute m
Revolute-Translational @ Revolute-Spherical @ Revolute-Cylindrical m Spherical-Spherical m

# Tire @ Friction @ Bushing m Leaf Spring 8 TSDA (Translational Spring-Damper-Actuator) &
RSDA (Rotational Spring-Damper-Actuator) @ User-Defined Force

® Point m Position ® Difference # Distance W Angle

8 Amplifier @ Multiplier @ Output @ Dead Zone @ Parameter m Delay @ Sampled Delay @ Sampled
First Order m First Order @ Sampled Second Order W Function # Second Order # General @
Hysteresis 8 Summer @ Input @ Switch ® Integrator ® Limit @ User-Defined Algebraic

® Accumulator W Hydraulic Motor m Check Valve @ Double Actuator ® Flow/Volume Update m

® Driver @ Point of Interest @ Initial Condition 8 Rigid Body @ Curve Data m Header Text w
Flexible Body m Impact ® Reference Frame @ Road @ Track @ Road Wheel

COMPUTER AIDED DESIGN SOFTWARE, INC.

P.Q Box 203 1 Oakadale, TA 52319 00 (319) 337-8968
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CENTER AT A CROSSROADS

After three years of operation, the Center for Simulation
and Design Optimization has met many of its original three-
year program goals, some with difficuity and others with
a degree of success that has exceeded expactations. We
have learned a number of lessons and have gained insights
to guide the program in protitable directions for the future.
Based on program restructuring agreed to at the Center
Semi-Annual Program Review in April 1990 and organiza-
tional restructuring that has occurred during the summaer
of 1990, this newsietter (1) outlines Center progress in
meeting original three-year goals, in terms of both soft-
ware deliverables and basic technologies developed, (2)
summarizes key lessons learned, (3) outlines a vision for
thefuture of the Center, and (4) presents an organizational
restructuring that dedicates management attention and re-
sources to each of the major goals and provides a frame-
work for efticient operation of the Center.

Three-Year Progress: Asindicated in the section that
follows, most of the original three-year goals of the
Center have been achieved. Spectacular advances have
been made in real-time dynamic simulation, interactive
dynamic simulation, operator-in-the-loop simulation, and
continuum-based structural design sensitivity analysis,
Significant progress has been made in computer network-
ing, visualization, dynamic stress and life prediction, dy-
namic system modeiing, dynamic system linearization,
Mumerical integration of differential-algebraic equations
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(DAE), robotic system simulation, and track vehicle de-
sign. Software integration for multidisciplinary simula-
tion-based design has proven to be a mora substantial chal-
lenge then had been anticipated, particularly as regards
communication of geometry data across ditferent soft-
ware platforms and creation of robust runstreams for
multidisciplinary applications. While theoretical develop-
mants in singular configuration and mechanism workspace
analysis have besen developed and publishad, creation of
interactive tools for automated workspace analysis re-
mains a difficult and illusive goal. Finally, extension of
control and hydraulics capabilities in dynamic simulation
proved to be overly ambitious undertakings, given the
level of effort available in the Center program.

Software dsliverables, which are summarized in the fol-
lowing section of the newsletter, are signiticant as indi-
vidual capabilities. To realize their full potential, how-
ever, they remain to be integrated into a broadly usable in-
dustrial environment. For example, the new general-pur-
pose dynamics simulation code, the dynamics workstation,
visualization of dynamic system software, and the net-
work computing system are now available individually.
They now need to be integrated into a qualitatively new
methodology for dynamic system simulation that can
serve as the foundation for a next generation product to
serve a broad cross section of US industry.

Lessons Learned: The basic Center research program
tenet that balanced-attentien-should be placed on advancing
the underlying theory and systematicaily implementing



ticipants, represents an area in which the Center can play

The second major area of opportunity for the Center con-

cerns operator-in-the-loop simulation, with a focus on

vehicle driving simulation. The lowa Driving Simulator4
F~

{IDS) that g being constructeg by the University, using
reai-time simulation technology developed by the Center,
will be the finest driving simulator in the US for approxi-
Mmately five years, until the Nationaj Advaneed Driving
Simulator (NADS) is constructed, To exploit this major
new facility and create aunique natjonaj Programin human
factors research ang mechanicaj System design for the
human Operator, which is at the heart of concurrent engj-
neering, operator-in-the-loop real-time Simulation jg iden-
titied as the second major thrust of the Center's program,

Organlzatlonal Ro:truclurlng: While there is some
Synergism between the concurrent engineering ang Opera-
tor-in-the~loop simulation goals, guidance from Canter
participants through the Center Advisory Board over the
Past year suggests that it is important to Separate theg
tunction of the IDS and ultimately the NADS from the ba-
sic Center Program in concurrent engineering. This has led

ments for each of the Centar's Projects and managemaent

needs of Participants ang eénhance productivity of the
Center's program.

PROGRESS |N MEETING
CENTER GOALS

MULTIBODY DYNAMICS
Software Deliverabies
New Gonoral-purposo Dynamic simulation

Cada(NGDC): TheB-varsion ofthe NGDC is available now

Provides open- ang closed-loop rigid body analysis capa-
bilities. Five standard joint elements and two force ele-

position, velacity, and acceleration of each joint, in relg.
tive coordinates, ang each body, in generalized coordi-
nates. Since the code is implemented using the C++ Jan-

documants.-incnmm oftware Performance Speci-
ficationy-and SRS (Software Requirement Speciﬁcation),
will be available.



Dynamics Workstation (DWS): Version 1.0 of the
DWS will be available by the end of October 1990. The DWS
is @ modeling tool that assists engineers in defining me-
chanical systems in a graphics-oriented, interactive way.
Many useful modeling capabilities are included, such as
topologicai layout, automatic assembly and loop closure,
joint exercising, redundant joint checking, and initial
condition definition. Gaometric datathat are needed to run
VDS and modeling data that are needed to run the recursive
dynamics code and DADS have been produced. Using the
DWS, journeyman engineers are able to easily create
mechanicai system models and evaluate their perform-
ance, using advanced simulation and animation tools. Four
technical reports and one software document have been
written for the DWS.

Basic Technologles

Recursive Dynamics: The recursive formuiation
without acceleration elimination (Order N €} has been em-
ployad to develop the NGDC. An cbject-oriented software
design has been developed to construct a software struc-
ture that provides for extendibility. After extensive
review of tha f -varsion code, an inter-object data access
method has bean created to improve efficiency. A tree-
traversing method has been developed for closed-loop
analysis and for system mass and force vector computa-
tion. For numerical solution, alternate types of linear
equation solvers will be employed to match the character-
istics of matrices used in analysis. Recursive dynamics
formulations, both with and without joint relative coordi-
nate acceleration elimination, have been developed for
rigid and flexible muitibody dynamics. Extensive analysis
and testing of alternate formulations have provided a
thorough understanding of trade-offs among formulations,
for generality and computational efficiancy. Extensions in
conceptualformulation of flexible muitibody dynamics that

define system topology in tarms of frames and transfor-

mations, rather than bodies and joints, have demonstrated
potential for more than one order of magnitude speed-up
over conventional formulations tor flexible system dy-
namics, to supportbroad classes of simuiation and life pra-
diction. These deveiopmaents farm the foundation for the
next decade of multibody dynamic simuiation, in both

.. concurrent engineering and real-time operator-in-the-
~_loop applications.

Differentiai-Algebralc Equation (DAE) Solvers:
Fundamental developmentsin methods for implicit numaeri-
cal integration of DAEs have been completed and imple-
mented, with good computational efficiency and excellent
numarical stability. Generalized coordinata partitioning
and tangent space parameterizations of constraint mani-
folds have been shown to be practical and computationally
effective. Theoretical developments in error analysis
have shown that the algorithms are rigorous, stable, and
computationally effective. Algorithms based on these dea-
velopments are currently being implemented in the Carte-
sian coordinate formulation by CADSI for the DADS code
and in numerous applications within the Caentar research
program.

Workspace Analysis: Theoratical foundations for
mechanism singular configuration and workspace anaiysis

have been developed and demonstrated. Singular config%- 5
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ration manitold mapping methods developad by the Unive
sity of Pittsburgh have been adapted and succassfully use
in Center research. While the feasibility of singui
configuration and workspace analysis has been estal
lished, resourcas have not been available to implement
general-purpose software capability for industrial app!
cation. Continued thesis research is pursuing formuilatior
that are candidates for implementation with the ne.
generation dynamics code.

Validation Library: To carry out validation fe
current flexibie muitibody simulation tools such as DAD!
DISCOS, Order N DISCOS, and TREETOPS, a verificatic
library system is baing deveioped to store simulatio
models in astandard format, translate the standard form:
of the simulation model description into various simulatic
inputs, launch various simulation tools, and manage simt
lation and experimental data. A standard input dat
definition has been adopted. A formulation for translatin
standard input data into input data for DADS, DISCO:
Order N DISCOS, and TREETOPS has aiso been developec
Topology analyses of the mechanical system, recursiv
position and velocity analysis, and initial assembly base
on constraint error minimization are making usa of trans
fation of the standard data. Since most flexibie dynamic
simulation codes are based on the deformation mode ar
proach, generating standard data for a flexible bod
requires processing finite element output datato dynamic
input data.

OPERATOR-IN-THE-LOOP SIMULATION
Deliverables

lowa Driving SImulator (IDS): With the aid of Dol
and NASA participants in the Center, major graphics anq
motion base assets have bsen obtainedto constructthe IDS
The University has provided $1.5 million to support com
pletion of graphics equipment and construction of a build
ing addition to house the IDS, and integration of the system
The IDS will represent the finest driving simulator in thq
US and will serve a broad range of Center participants ane
other industrial and government organizations. An exten
sive technical report that defines IDS capabilities and :
business plan for sustained operation have been completec
and distributed to participants and other potential users o
this major facility.

Basic Technoiogles

Real-Time Dynamic Simulation: The feasibility o
real-time dynamic simulation, through paraliel processing
on the Alliant FX/8, was demonstrated during the firs:
year of Center operation. Specialized parallel processing
tools were developed to facilitate the development of
parailal dynamics applications. Thase tools can organize
and manage parallel execution threads with very high ef-
ficiency. The parallel processing tools expedite develop-
ment of parallel applications and provide easy portability
among various parallel computing platforms. These tools
aracurrently being usedin developmentofthe newgenara-
tion parailel dynamics codes.

Duting the second and third years of Center operation, the
real-time dynamics focus shifted toward achieving raai-



. The Center continues to track developments in computing
.--Systems, Particularly RISC-basegd Workstations ang par-
allel Computers, with respect to thair suitability for reaj-
time dynamics. The current suite of parailel Processing
tools will be ported to new platforms ag deemed appropri-
of new generation dynamics codes
will be developad utilizing these tools. In ¢onjunction with
the Networking, Visualization, and Parajje| Computation

fully intagrates
titative analysis.

DYNAMIC STRESS AND LIFE PREDICTION

Software Dellvorablos

Prediction softwarg was distributed in
for VAX/VMS Operating systems. |n order to increase the
range of application of the life prediction software, jt was
Ported to the Alliant with a Unix Operating system. The 8-

reflects an efficient way to calculate dynamic Stresses
that are induced by inertia loading.

Basic Technologles

been improved,
offects through the antire body. The resuiting hybriqg
method usgs flexible body dynamic ‘analysis and a quasi-
St3tic stress Computation method. he accuracy of the
hybrid method for Calculating dynamic stresses has bgan
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demonstrated using Numaericat éxamplgs.

CONTROLS AND TELE-OPERATION

Basic Technologlos

introduced as FORTRAN Ponents into the EASYSs gnyi-
ronment, This capability will bg eXpanded to morg gengraj
mechanisms that may include kinamatic loop closyre. This
capability wiy expedite closing the gap betwaen linear
controldesign ang nonlinearmultibody dynamic Simulation,

Linearization- The Center's linearization Capability
was developad in DADs Revision 4. During the past sum-
mer, it has bean made compatible with Revision g by
CADsI. Forthe recursive formulation, anew linearization
method has been developed. [ts implementation is being
planned.

Lyan Zimba from Psychology are evaluating various typas
of visual feedback, such vS. multi-window
display and fixed vs, Mmoving viewpoint, in combination

DESIGN SENSITIVITY ANALYSIS AND
OPTIMIZATION

Software Dellvorables

Design Sensltlvlty Analysis and Optimization
Workstation (DSsow): Version 1.0 of the DSOW wiilbe
available by the gng of October 1990, The DSOW provides
the designer with Capabilities for Parameterizing ling and
surface design components: defining displacement. fro-
quency, buckling, and volume performance measures for
which Sensitivities arg 1o be computed: executing applica-
tion software at remoteg Machings; automating dasign

engineering Spreadsheet,



database system has been developed to support the design
process. The userinterface and computationat modules of
the DSOW that support the user interface have been
impiemented in C++. Currently, the geometric modeler
that is supported by the DSOW is PATRAN. Tha structural
analysis codes ANSYS, MSC/NASTRAN, and ABAQUS ars
supported. Forremote process execution and distribution
of DSA computation, any Unix-operating machine can be
used. The portability of the prototype DSOW has bsaen
varified on an Intergraph CAD workstation. Fourteen
technical reports and three software documents have bean
written for the DSOW.

Basic Technoiogies

Shape Design Sensitivity and What-if
Workstation: A methodology for integrating technolo-
gies for planar and spatial structural component shape
design has been developed. The feasibility of the technoi-
ogy has been demonstrated in a prototype Shape Design
Sensitivity Analysis and What-if Analysis Workstation,
which has been developed using Apolio Dialogue and FOR-
TRAN. Capabilities developedinthe Shape Design Worksta-
tion include finite alement error analysis and mesh adap-
tation, design parameterization for curve and surface
boundaries, automated boundary and domain velocity
computations, automated design sensitivity computation
using both direct and adjoint methods, visualization of
design information, and automated geometric shape and
finite element mesh updates thatresultfrom design changes.

Configuration Design Sensitivity Analysis: For
built-up structures, a new DSA theory for configuration
design variables has been developed, to allow layout design
of built-up structures that include truss, beam, mem-
brane, and shell design components. Once implamented, it
will provide a unique capability that can support layout
design of built-up structures such as vehicle, aircrait, and
space structures.

DSA of Dynamic Frequency Response: Acontinuum
design sensitivity analysis method for dynamic frequency
response of structural systems has been developed. A
variational approach for non-self adjoint operators, using
complex variables, has been developed to obtain design
sensitivities of frequency response with respect both
sizing and shape design variables. This method has been
tested using a large vehicle system finite element modal
that was developed by Ford Motor Company for NVH (noise,
vibration, and harshness) design optimization. This new
capability is being implemented under support from Ford
Motor Company, so that it can function with a Ford
proprietary NVH analysis cods.

DSAofNonlinear Structural Systems with Criti-
cal Loads: A new continuum formulation for DSA of
critical loads with respect to sizing and shape design
variables has been developed for nonlinear structural
systams with geomsatric and material nonlinearities that
are subjected to conservative loading. This new DSA ca-
pability can be used to obtain an optimized vehicle body
design that satisties salety requirements for vehicles
under crush conditions.

DSA of Transient Structural Dynamic Response:
A new continuum-based DSAtheory has been developad for
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transient dynamic response of built-up structures. Th
DSA method does not require derivatives of eigenvector
and Ritz vectors. Numerical experimentation with th
method indicates that it is extremely efficient and accu
rate.

NETWORKING, VISUALIZATION, AND PARALLE]
COMPUTATION (NVPC)

Software Deliverables

Visualization of Dynamic Systems (VDS): VD¢
was developed by "~ 2 Centerduring its first yearofopera
tion. Sincethattim- ;hasbesn extensively enhanced. VDS
is currently supported on a wide range of graphics plat
forms. Capabilities of VDS continue to be upgrader t¢
enhance performance and extend functionality. An IGES
translator that supports a number of entities, including
lines, planes, parametric surfaces, and finite element rep
resentations, is currently undergoing intarnal testing anc
will be inciuded with the next release of VDS. Work is alsc
continuing on a Motif-based graphical user interface fo:
VDS and on a number of enhancements to performance anc
networking capabilities.

Network Computing System (NCS): The NVP~
project provi“:s the NCS - which is used by VDS -
other Center deliverables to participants. The Center . _
ported NCS to a variety of platforms and currently can
provide distribution and support for seven different plat-
forms. The NVPC project aiso turnishes internal technical
support for other I/UCRC project areas that use these
tools, X-windows, Motit, and parallel processing tools.

Basic Technologles

Paraliel Processing Tools: Specialized paraliel
processing tools have been developed to support the neads
of high-speed dynamic simulation. Fully compatible ver-
sions of these tools ara currently supported on the Cen-
ter's Alliant FX/8 and HP/Apoilo DN10000 muitiproce 3-
sors. These tools are currently being used by the m -
body dynamics and operator-in-the-loop simulation P
ects to develop high-speed and real-time dynamic simula-
tion codes. .

Distributed Computing and User interfaces: Center
staff are actively tracking developments in the Open
Systems Foundation (OSF), particularly with respect to
the selection of standards for distributed computing envi-
ronments and user interfaces. Tools currently in use atthe
Center are compatible with selections made thus far by
OSF. The Center will continue to assure that computing
tools used in Center projects remain compatible with pre-
vailing OSF standards.

TOOL INTEGRATION FOR CONCURRENT
ENGINEERING (TICE)

Software Deliverables

Integrated Analysis Capability (IAC): The Center
has been successful in using an engineering database and
modwuemanagem e sysiem, called the integrated Analy-
sis Capability (IAC), from Boeing. IAC is used in the
Center's Dynamic Stress and Life Prediction project for



engineering data management and ryn stream controy, IAC
Version 2.5 and the companion yser manual are now
available for delivery 1o Participants. A VAX/VMS ver-
sion and a Unix version for the |rig and Alliant Fx/g have
beaen developed.

Basic Tochnoioglos

Integration Architecture: Technical developments
'o date in the TICE project haye included: (1) developing
designdata modals, (2) developing Process modaels for @ach
engineering anaiysis, (3) incorporating an object-oriented
database (that stores the global model) with relationaj

applications
Use with other applications.

Englnaorlng Workspaces- Engineoring toois are inj.

tially grouped into five workspaces: (1) a conceptual
Modsling workspace to define fundamental model informa-

TRACKED VEHICLE DESIGN WORKSTATION
Software Dellverabies

Fracked Vehicle Works tation (TVWS): The TVWS
is under deveiopment to integrate CAD and CAE systems in
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an environment where modeling toois run on workstations
and Computation-intensive codes run on a Supercomputer.
A centra| developmaent in the TVWS was the creation of a
database system. After a long-term study ang develop-
ment of 3 prototype, a databasg System that incarporates
hybrid concepts of object-orienteq and relationa| data-
bases has been adopted and used for development, The
Informax database ang limited NIH classes arg used to
construct the database System for the TVws.

an interface to éxtract body and
System information from the intargraph CAD databasg hag
been developed by TACOMang Used by the Centerfor Tvws
development. Methods to Fécanstruct modej information
that is obtained from the CAD Link in an object-oriented
fashion are under developmant. Remote database Queries
have been developed to allow workstations to obtain mode|
information from a remote workstation thap hosts the
database.
hiorarchically retrieve entitigs
DADS client
DADS runsg
utility,
simulation status on the Supercompuyter during simulation
is under development, Basic functionalitieg offundamental
utilities such as Table Editor, Simple spatia| animation, and
X-y plotting have been developed to feview and edit ASClt

DEPARTMENT OF TRANSPORTATION

PROJECT

Software Dollvorabtos

Vehicie Oynamics Code: A vehicle dynamics code has
been written and demonstrated to be capable of analyzing
both singie- ang multi-trailer trucks with varying axle
configurations, joag distributions, tire and Suspension
characteristics. and vehicig Speeds. It accounts for tire
forces and dynamic loagds. The final form of the code wilj
be validated, documented, i

Pavement lite. Model resuits will be
compared to deflections measured in instrumented pave-
ments at an Interstatg 80 test site. The pavement and

computer runs. Input factors and performance measure
outputs are generated angd provided
Processor routinas.

Basic Technoloaies

Vehicie Analysis: The vehicle analysjs package util-
izes high-performance planar models and a highly tunad



yet modular, codae that will provide detailed time and space
dynamic tire loads. The pavement modeais use finite
element and plate models that are capable of anaiyzing
jointed PCC concrete pavements of varying thickness and
siab length.

LESSONS LEARNED

In the development and implementation of simulation and
design optimization software, engineers and programmaers
in the Canter have learned that;

{1)Software pianning is crucial for software develop-
ment, even for research.

(2)Object-oriented software design is valuable, but
not a panacea.

(3)Hardware platform portability is easier than an-
ticipated, as long as Unix operating systems are
used for all machines.

(4)1t is sasier than anticipated to develop a unified
interface to finite element analysis codes such as
ANSYS, NASTRAN, and ABAQUS.

(S)Itis vary difficuit to develop a unified interface 1o
geometric modelers, because there are no stan-

_dards.

(6)Different categories of software deliverables have
very different characteristics and levels of re-
finement, as follows: (a) broadly usable and re-
fined end usersoftware, e.g., DSA workstation;
(b) building block software, e.g., VDS and NGDC;
and (c) software frameworks, e.g., IAC and dy-
namic stress and life prediction software.

To illustrate some of these points, consider the DSOW,
which is a large software system that can be character-
ized by the following attributes:

(1) Multi-platform Support: As mentioned in the July
newsletter, due to requests from several industry par-
ticipants, tha Design Sensitivity Analysis and Optimization
project switched its focus in the DSOW from capability ex-

pansion to software porting across many diffarent hard-

ware platforms. This is complicated because the required
software packages may be distributed across several
machines. Currently, we are targeting Apollo, SUN,
Intergraph, and DEC workstations with Unix operating
systems. Some of our participants have distributed access
to finite element software packages such as ANSYS,
NASTRAN, and ABAQUS, thereby requiring distributed
computation on machines such as Cray and Alliant main-
frames with Unix operating systems.

(2) Large and Complex Software: The DSOW has a large
databass, sophisticated user interfaces, alarge number of
modules, sophisticated runstreams, many languages (e.g.,
FORTRAN, C, C++), and interfaces to many external
software packages such as PATRAN, ANSYS, NASTRAN,
and ABAQUS. Developmant of a unified intertace to finite
element analysis codes is easier than initially anticipated.
However, development of a unified intarface to geomaetric
modelers is very difficult, because there are no standards
in geometric modelers as there are in finite elemaent
analysis codes. Due to non-existence of standards in
geometric modelers, it is necessary to design a diffarent
interface for each geometric modeler. Initially, the proj-

ORIGINAL PAGE IS
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ectintendedto deveiop the DSOW to work with PATRAN ar
IBEAS modelers. However, major resources are requirs
to design and implement a new interface between DSOW ar
IDEAS; e.g., TACOM and DICE are supporting substanti
DSA and Optimization project efforts to design and impl
ment a new interface betweenthe DSOW and the Intergray
I/EMS modeler.

VISION FOR THE FUTURE

Tachnical progress in Centerresearch and interaction wit
both government and industrial organizations that ar
pursuing significant national goals suggest that there ar
two complementary but quite technically different area
of future contribution from Center research.

Concurrent Engineering: First, the emaerging nation;
thrust in concurrent engineering can profit from integr:
tion of computer-aided engineering tools that are being de¢
veloped and implemented by the Center. The vision fc
evolution of cancurrent engineering presented by the Dol
Industry Working Group on Concurrent Engineering of Me
chanical Systems proposed that the evoiution of conecul
rant engineering tools should first embody simulation
based design, followed by avoiution 10 a design optimizs
tion methodolagy. This conclusion, which was based in pai
on interaction of the DoD/Industry Working Group with ou
Center activity suggests that the Center can play a signifi
cantrole in deveiopment and implementation of concurrer
enginearing tools for mechanical system design. The ro!
and scope of our Center in this major development, how
ever, must be carefully considered and designed in prac
tical terms.

The major DARPA Initiative in Concurrent Enginearint
(DICE) is creating aframework for concurrent enginearin
of broad classes of engineering systems and is including ai
emphasis on manufacturing. Qur Center program, i
contrast, has focused on engineering tool integration
support concurrent engineering of mechanical systems
Experience gained to date in implementation of dynami

‘stress and life prediction software and in the TACOM pilo

project on tracked vehicle design suggests that the scopt
of our Center activity is adequately broad to make a majo
contribution to the field of concurrent engineering o
machanical systems. It is also technically coharent enougl
to permit the Center to make significant and practica
contributions to the field. Joint projects being undertake:
with the DICE program will provide the Center an opporty
nity to contribute tools to a framework that our partici
pants may uitimately expectto usein concurrent engineer

ing of their products. Developing such partnerships fur
ther permits our Center to concentrats on its strengths
work within its physical and manpower limitations, ant
take advantage of capabilities that are being developed i
'arge programs that are beyond the scope of our Centar.

Apart from the real-time oparator- in- the-loop simula
tion emphasis in the Center program, virtually all of the
basic Center program falls weil within the broad goals o
concurrent anginearing. With minimal project restructur
ing-agreed fo—at the April 1990 Semi-annual Program
Review, the Center program can be continued and strength
ened to develop andtransfer concurrent engineering desigr



tor-in-the-loop simulation. Smithsonian Institution ang
Society of Automotive Engineers awargs tothe Center for
this deveiopment have reinforced the unique contribution
made by the Canter in creating this qualitatively new en-
gineering development and human factors research capa-
bility. The Center's efforts with the US Departmant of
Transportation, jointly funded by the

The University of lowa is currently Preparing a proposal,
due in mid-January 1991, 1o win assignment as the NADS
host institution. [n addition, the Unj

approximataly $6 miilion worth of

be compiete in February 1991. This major new research
facility will be the bestground vehicle driving simulator in
the US from its completion in 1
NADS becomes the

Ccmpiementing the vehicle driving simulator application of
Operator-in-the-loop simulation, the Center hag imple-
mented interactive simulations of telerobotic systems

Due to the unique charactar of operator-in-the-ioop simu-
lation and the major resources required to implement ang
support the lowa Driving Simulator ang the Nationai Ag-

vanced Driving Simulator, Center participants have agreed
that management of the large-scaje driving simulators
shouid be separated from the basic Canter program in
concurrent engineering, for Purposes of effective ang
dedicated management. The managemaent restructuring

CENTER ORGANIZATION

To accommodate the increased Scope of Canter activities
and to improve the management of Projects, the Center
Management structure has been refined. The objective of
the new organizational stryctyre is to assure that:
(1) Projects collectively implement the CCAD plan.
(2) Inter-projact working relationships are identified
and maintained.
(3) Projects are invoived in Proper technical issues
to achieve project goals.
(4) There is not unnecessary overlap or duplication
among projects.
(5) Common computer sciance Support is identified
and provided for multipie projects.

The Center for Computer Aided Design (CCAD) has been
divided into four major programs, i

overall management.

Concurrent Engineering, Computing, and the lowa Driving
Simulator. Ed Haug wili serve as Acting Director of Special
Projects, until a dedicated person can be hired. Under the
projects: Multibody Dynamics (Ed
Haug); Operator-in-the-Loop Simulation (Jim Stoner);
DSA andg Optimization (Kyung Choi); Tool Integration for
Concurrent Engineering (Kirk Wu): Controls and Tele-
Operation (Harry Yae); Networking. Visualization, ang
Parallel Computation (Jon Kuhl); Dynamic Strass and Life
Prediction (Fook Choong); and TACOM Pilot CAE Projact

Review.

Individual Projects that the Center carries out under
additional Spensorship of UCRC participants or other
Sponsors are treated as special projects. Currently there
are five such special Projects: NADS, Ford NVH Design
Optimization, DICE Project, JI Case Project, and ITC
Suspension Design Project. To consolidate computer harg-
ware and computer science Support that are necessary for
Several projects, the Computing/Software Support Pro-
gram has beentruated - I This Program, thare are three
Projects: Graphics Facility, Computer Operations, and
Participant Software Support. Centralizing support re-
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Administation CENTER FOR COMPUTER Augu
ADED DESIGN
R. Huit, Admin Asst
C. Mills, Sec ill
M. Jack, Sec Il
P. Ramser, Clerk Typist ifl E L HAUG, DIRECTCR
M. Bender, Sec il
2 office aids, part ime hriy
VUCRC SPECWL PROJECTS COMPUTING'SOFTWARE SUPPORT TOWA DRIVING SMULATOR
K K CHO! E J. HAUG o L m J. W, STONER
ASSOCUTE Dlﬂﬁf?mﬂ ACTING DIRECTCR ASSOCUATE DIRECTOR ASSOCUTE DIRECTOR
for Concurrent Enginesring for Special Projects for Computing for lowa Driving Simulator
Multbody Dynanics DS Guaphics Facily Image Generaton ad Dat 82
Manacement
Haug; Kim, Tsai, Kim(F), Polra, Stoner. Haug, McAreavy, Evans, B N
" Lol Stahiberg Evars
Operator-in-the-Loop Simulation Ford NVH Design Oplmization Computer Operations Experimental Design
Stoner; Havg, Kuhl, Kim{F}, Yas, ] m
"9 T Chak T, Chang VanFosson; McGuire Lol
DSA and Optimization DICE Project Participant Sottwars Support Instrumentation and Motion Systs
v - 1 =
Chei; Chang, Dodani Wit Choi, Haug, Twy, Choong VanFosson; McGuite Pomane
Tool Integration for . -
Concurrent Engineering A Cane Prjec Vehide Dynamics
Wy, Choang Hauy; Bask. Godse 1
Tsai; Chung
Contols and Tele-Oparaion ITC Suspension Design Project
Yae; Lin Kim (F)

Networking, Visualization, and
Parallel Computaiion

Kuhi; Stahberg,
VanFosson, McGuire

Dynamic Stess and Lile Prediction
{lowa/Maryland/Prarie View)

Choong; Haug, Choi, Baek

TACOM Pilot CAE Project

Wit Chai, Koch, Koppes,
Pudleski, Dodani

Figure 1. Center Organization
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quired by several projects has resuited in more efficignt
use of Center resources. The lowa Driving Simuiator
Program has been developed tg manage and operate the
recently acquired lowa Driving Simuiator (IDS). There are
four projects in this program: Image Generation ang
Database Management, Experimenta| Design, Instruman-
tation and Motion Systems, and Vehicie Dynamics.

To strangthen the Center's organizationai structure and
inter-project Cooperation, sach project has developad
Mission and Function Statements (MFS) and has defined
principal working relationships with other projects. Prin-
cipal working relationships identify common computer
science support for sach project and engineering Support
that the projects Provide and racaive to achieve their
missions.

--=-- Current A'béti?ééis S

Complete Reports can be found in Volumas 5 ang g

of the Participant Tachnicay Ropqrt ng_ql?_ook

REAL-TIME DYNAMIC SIMULATION OF A ROBOT
SYSTEM WITH ROTOR DYNAMICS

Li-Ping Chuang and Sung-Soo Kim
Center Technical Report R-§7

ics equations is obtained through adoption of a state vector
representation in equation derivation. The influence of
fotors on the overall System dynamics js identified.

MANAGEMENT OF HETEROGENEOUS
PARALLELISM ON SHARED MEMORY
MULTIPROCESSORS

Athar B. Tayyab and Jon G. Kuhl
Center Technical Report R-68

This report considers the problem of Mmanagement of
heterogeneous parailelism on shared memory paralje|
- Heterogeneous parallelism is definag

This may inciude both explicitly coded and
compiler generated forms. It is argued that support

A RECURSIVE APPROACH AND PARALLEL

IMPLEMENTATION FOR THE ANALYSIS OF

INTEGRATED CONTROLLED MECHANICAL/
ROBOTIC SYSTEMS

Li-Ping Chuang and George M. Lance
Center Tachnicaj Report R-69

Ageneralparajlei computationa| methodology for the high-
Speed simuliation of aither integrated controiled mechanj-

analysis. A general-purpose simulation codae is generated
80 that the complete comrol/hydraulic/mechanical Sys-
a single integrated modael, A
recursive computationaj method for integrated controlled

analysis capability in robotic applications. The forward
and inverse kinematics arg formuiated, using a recursive
approach. The so-cailed robotic Jacobian and inverse
Jacobian are ajso derived. Two sets of recursive dynam-
ics equations of robots with rotor effects are formulated:
the first sat is for robots with rotors mounted on the

acceleration hybrid controtler. A paraliel computationa
algorithm for lha.integ:aL-analysis of robotic systems
under position/force control isdeveloped and implemented.
Fine grain parallelism is fully exploited in this method. The
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efficiency of this algorithm is demonstrated through simu-
lations on the Alliant FX/8 muitiprocessor.

INTEGRATION OF CONTROLLED MULTIBODY
MECHANICAL SYSTEMS WITH NON-STIFF
MECHANICAL SUBSYSTEMS AND
STIFF CONTROL SUBSYSTEMS

Shih-tin Lin and George M. Lance
Center Technical Report R-70

The simulation of controlled multibody mechanical sys-
tems, with nonstiff mechanical subsystems and stiff con-
trol subsystems, usually suffer from the long run times.
In this report, a hybrid integration scheme that uses
separate algorithms for the mechanical and control sub-
systems is presented. Adouble pendulumdriven by two AC
motors and a backhoe mechanism driven by three hydraulic
actuator were used to demonstrate the computational
efficiency of the proposed integration schema.

COMPUTATIONAL LIFE PREDICTION METHODOLOGY
FOR MECHANICAL SYSTEMS USING DYNAMIC SIMULA-
TION, FINITE ELEMENT ANALYSIS,

AND FATIGUE LIFE PREDICTION METHODS

Woon K. Baek and Ralph [. Stephens
Center Technical Report R-71

This study deals with an integrated life-prediction m.'n-
odology using dynamic simulation, finite element analysis,
the fatigue life-prediction method, and experimental vali-
dationforthe finite life evaluation of a mechanical system.
As a practical example, a multi-body dynamic model of an
existing ground vehicle was developed using kinematic
joints and components. The vehicle model was hypotheti-
cally run over a measured road profile at constant speed.
From this dynamic analysis, load histories were obtained
for each component. A lower control arm, which is a
critical suspension component, was selected for the co-
mopnent fatigue life prediction, and a finite elament modal
of this component was deveioped. Several high-stress
regions were identified from the finite element- stress
analysis. Local notch stresses at each high-stress region
were then obtained at potential fatigue crack “initiation"
points, which can be called potential fatigue-critical loca-
tions. Dynamic stress histories at potential fatigue-criti-
cal locations were produced by the quasi-static approach.
The local strain-life method was used to predict fatigue life
of each potential fatigue-critical location. The fatigue lite
was defined as the typical crack "initiation” life of a crack
about2 mmiin length. The fatigue life of the component was
defined as the shortestfatigue life among several potential
fatigue-critical locations. To validate this computerized
srocedure, the lower control arm was experimentally
iested for stress and fatigue durability. The brittle coating
method was used to identify high-stress regions. Experi-
mental stress analysis was carried out using strain gauges.

ORICINAL PAGE IS
OF POOR QUALITY

The expernimentat rasuits and predicted resuits based upc
linite element analysis were very close: every compal
son showed a difference of less than 5 percent. Als
fatigue durability tests were done for the component t
repeatedly applying the same load histary that was applie
tothe finite eiement model, untila 2 mm long fatigue crac
formed. The breakthrough in this integration is th:
dynamic stress and fatigue life can be predicted in ear
des: stages without experimental measurement of eithe
loads r stresses. This methodology can be extended |
design optimization, based upon durability.

REAL-TIME OPERATOR-IN-THE-LOOP
SIMULATION OF MULTIBODY SYSTEMS

Joe Lan Chang, Sang-Sup Kim,
and Edward J. Haug
Center Technical Report R-72

This thesis presents a general approach to achieving real
time operator-in-the-loop simulation for muitibody dy
namic systems. Emerging real-time dynamic simulatio
methods are usedto demonstrate the potential forcreatini
interactive design workstations and for telecperatini
space robots, with a human operator in the control loop
The recursive formulation of muitibody system dynamic:
with relative coordinates is employed for efficient nu
merical analysis and implementation on a parallel com
puter. High-speed computer graphic techniques are em
ployed to create realistic visual cuas for the simulator.
A simulatoris developed in this research by integrating th:
real-time dynamics program, a realistic graphics display
and the operator's control interface. Real-time operator
in-the-loop simulation is analyzed, as regards the goal o
real clock time, not only with respect to dynamic simula
tion but aiso with respect to graphics display and the
operator interface. Synchronization of the simulation i
found to be most important for realism of the simulator.
A backhoe simulation is implemented to demonstrate the
capability for operator-in-the-loop simulation. The simu
lator is developed by modeling backhoe dynamics anc
hydraulic systems with the recursive formulation t¢
achieve real-time simulation, developing an interactive
graphics program for visual cues, and interfacing the op
orator’s control action with the dynamic simulation througt
a pair of joysticks. The simulator is also implemented fo
teleoperated simulation of space robots.

CONTINUUM DESIGN SENSITIVITY
ANALYSIS OF STRUCTURAL DYNAMIC
RESPONSE USING RITZ SEQUENCE

Kyung K. Choi and Semyung Wang
Center Technical Report R-73

In this report, a unified continuum-based sizing Design
Sensitivity Analysis (DSA) method is developed for the
transient_dymamic—ToSporise of built-up structures by
taking design derivatives of the variational equation of the
built-up structure to obtain a variational equation of the

F-13



design sensitivity of the transient response. The direct
differentiation method of DSA is useq. The very same
Finite Element Analysis (FEA) model that is used to obtain

an approximate soiution of the variational equation of the

matrices. Moreover the method is efficignt since it does
not require derivatives of basis vectors. Two exampies
are presented to demonstrate accuracy of the mathog. Ex-
amples treated in thig Paper indicate that the same number
of basis vectors that are used for analysis of the built-up
structure is enough for analysis of the design sensitivity,

LINEARIZATION IN THE
RECURSIVE DYNAMICS FORMULATION

Tsung-Chish Lin and K. Harold Yae
Center Technicai Report R-74

The non-linear equations of motion in muiti-body dynamics
Pose a difticuit probiem ;n linear controj design.
therefore desirable to have linearization

RECURSIVE LINEARIZATION OF MULTIBODY
DYNAMICS AND APPLICATION
TO CONTROL DESIGN

Tsung-Chieh Lin and K. Haroid Yae
Center Technical Report R-75

The non-linear equations of motion in multi-bodydynamics
Pose a difficult problem in linear control design. Qne

The power of the pro-
posed linearization algorithm s demonstrated, in compari-
mathod, through four
robotic manipuiators. Also demonstrated is its application
to control design. In addition, a paralle| algorithm for the
linearization is alge discussed. When the aigorithm is
implemented on Alliant/FX8s, a shared memory 8-proces-
Sor machine, it takes 16.5 milliseconds to linearize the
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Environmaent
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Appendix G

A
Work Breakdown Structure
For
Implementing Recommendation



The enclosed work breakdown structure (WBS) includes all the items contained in the
recommendation section of the repon, where they are discussed. It is broken into two

initiatives which would require new MSFC commitments of dedicated to-the-purpose

personnel and funds. Because these would be new commitments, there are no

new initiatives).
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